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PREFACE TO THE EIGHTH EDITION. 



In preparing this Edition I have sought the best 
advice and assistance possible, so as to make the 
work suitable for instruction in Chemistry, according 
to the Syllabus prepared by the Science and Art De- 
partment The most advanced ideas of Chemical 
Science have been introduced, the Constitutional and 
Graphic Formulae adopted, and nothing omitted which 
is necessary for Elementary Instruction in Chemistry. 
The book will be found useful to students preparing 
for the matriculation of the London University and 
the Oxford and Cambridge Middle Class Examinations. 
In schools where Chemistry is taught it is hoped that 
the work will be appreciated as a Text Book in 
which accurate and exact knowledge have not been 
sacrificed to popular explanation and experiment. 
The Syllabus and Exercises at the end will aiSbrd 
much assistoDce in directing the course oi ?\.\3A^. 



IV PREFACE. 

From Mr. G. Jarmain and Mr. W. H. Wood I hai 
derived much valuable assistance; the former in r 
vising and rearranging the work, and the latter 
examining and correcting proofs, for which I tend< 
them my best thanks. 



Sf. John's Hill, Wandsworth, S. W., 
October, 1870. 



THE ELEMENTS 



OF 



INORGANIC CHEMISTRY. 



Chemistry is the science which treats of the laws 
which regulate the constitution of matter, and of the 
processes employed in producing changes in its com- 
position.' 

All substances, whether animal, vegetable, or mine- 
ral, are either simple or compoufid. Those which can- 
not be reduced into any simpler form are called ele- 
ments^ and these elements combine to form an infinite 
variety of compound bodies. We may illustrate this by 
the letters of the alphabet, which cannot be separated 
into any simpler form, but by different combinations 
form a great variety of words. These words can be 
separated into their letters, as can the compound bodies 
into the elements of which they are composed. It is 
only compound bodies which can thus be separated. 
Sulphur, iron, zinc, copper, oxygen, hydrogen, canno 
be resolved into any simpler substance ; they are 
therefore called elementary bodies. Water can be 
separated into oxygen and hydrogen, and is therefore 
a compound body, and not an element as was otvc^ 

B 
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supposed. Again, chalk, or calcic carbonate, is made 
up of three elementary bodies, — a metal called calcium, 
oxygen, and carbon. Common salt is composed of 
two elementary bodies, — a metal called sodium, and 
a gas called chlorine. The great majority of com- 
pounds are formed by the union of three or four 
elementary bodies. The separation of these com- 
pound bodies into simpler forms is called analysis^ 
and the formation of compound bodies by the union 
of simple ones is called synthesis. 

The elementary bodies at present known are sixty- 
two in number ; but many of them are so rare as not 
to require special attention. They are divided into 
metals and non-metallic bodies. The metals have great 
lustre : are good conductors of heat and electricity. 
These properties are never associated in a non-metallic 
body. This division is not based on any exact prin- 
ciples of science, but as a common means of descrip- 
tion. 

The elements are also divided into chlorous^ or 
negative^ and basylous, or positive: the former are 
evolved at the positive pole when their compounds 
are decomposed by the galvanic current, and the latter 
make their appearance at the negative pole. There 
is, however, no sharp distinction between these two 
classes, as the same element is often chlorous in one 
compound and basylous in another : sulphur is basylous 
when combined with chlorine, but chlorous when com- 
bined with carbon. The elements chlorine, bromine, 
iodine, fluorine, sulphur, oxygen, selenium, and 
tellurium, are chlorous or negative to all the remain- 
ing elements. 

The classification of the elements according to their 
atomicities, or atom-replacing power, will be considered 
further on. 



table of elements. 
Table of Non-metallic Elements. 



Names. 


Symbols. 


Atomic 
Weighu. 


Specific 
Gravities. 


Hydrogen 


H 


I 


I 


Chlorine . . . . 


CI 


^' 


35*5 


Bromine .... 


Br 


2*97 


Iodine 


I 


127 


4*948 


Fluorine .... 


F 


19 


• • • 


Oxygen .... 


O 


16 


16 


Sulphur .... 


S 


32 


2*07 


Selenium . . . . 


Se 


79 


4*28 


Carbon .... 


C 


12 


3'5 


Silicon 


Si 


28-5 


2*49 


Boron .... 


B 


II 


2-68 


Nitrogen . . . . 


N 


14 


14 


Phosphorus 


P 


31 


177 



Metallic Elements. 



Names. 


Symbols. 


Atomic 
Weights. 


Specific 
Gravities. 


Potassium {/Col turn) . 


K 


39 


0865 


Sodium {Natrium) 


• • 


Na 


23 


0972 


Lithium • 






Li 


7 


*59 


Barium 






Ba 


'37 


4 to 5 


Strontium 






Sr 


87-5 


2*5 


Caldum 






Ca 


40 


A 


Magnesium 






Mg 


24 


170 


Aluminium . 






Al 


275 


2 -60 


Iron {Femim) . 






Fe 


56 


7-079 


Chromium . 






Cr 


52 s 


5*9 


Manganese 






Mn 


55 


6-85 


Zinc 






Zn 


65 


7'i to 7-86 


Nickel . 






Ni 


58-8 


8 -So 


Cobalt 






Co 


58-8 


8-54 


Tin (Stannum) . 






Sn 


118 


7-29 


Antimony {Stibium) 






Sb 


122 


670 


Arsenic . 






As 


75 


5*88 


Bismuth 




Bi 


208 


9-82 
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Metallic Elements (continued). 



Names. 


Symbols. 


Atomic 
Weights. 


Specific 
Gravities. 


Cadmium . . . . 
Copper {Cuprum) 
Gold {Aurum) . . . 
Platinum .... 
Lead {Plumbum) . . . 
Mercury {Hydrargyrum) . 
Silver {Argentum) . . 


Cd 

Cu 

Au 

Pt 

Pb 

Hg 

Ag 


112 

63*5 
1967 

197*12 

207 

200 

108 


8*7 
896 

19*5 
21-50 

11-45 

13*59 
1047 



The rarer elements are — caesium, cerium, didy- 
mium, glucinum, indium, iridium, lanthanium, molyb- 
denum, niobium, osmium, palladium, rhodium, rubi- 
dium, ruthenium, tantalum, tellurium, thorium, thallium, 
titanium, tungsten or wolfram, uranium, vanadium, 
yttrium, zirconium. 

Some of the elements have popular names : sulphur 
is called hrimstom; mercury, quicksilver. Carbon 
when crystallized is a diamond^ or black-lead; when 
prepared artificially it is known as charcoal^ coke, 
lamp-hlcuk^ and bone-black. Four of the elementary 
bodies are gaseous under ordinary pressure and tem- 
perature—hydrogen, oxygen, nitrogen, and chlorine. 
Two are liquid — mercury and bromine. The others 
are solid. Fluorine has never been isolated. 

The elementary bodies forming a compound are 
frequently called its constituents or components^ and the 
act of union is called chemical combinationy whilst the 
separation of a compound into its constituents is called 
decomposition. 

Chemical afBlnity is the power or force by which 
bodies unite chemically. It differs from the force of 
gravitation, which tends to draw all bodies towards 
the centre of the earth, and operates at all known dis- 



CHEMICAL AFFINITY. 5 

tances. It also differs from cohesion, which binds like 
particles of matter together. The rain falls by gravi- 
tation, the particles of iron are held together by cohe- 
sion ; but in iron rust (or oxide of iron) the oxygen is 
united to the iron by the force of chemical affinity. 
Chemical combination may be distinguished from mere 
mechanical mixture by the formation of compounds 
having properties for the most part different from 
those of the bodies which have entered into com- 
bination. And what is most remarkable, bodies of 
opposite chemical characters evince the strongest ten- 
dency to combination. Chemical affinity may be 
regarded as that force by which bodies unite, and form 
compounds having properties totally different from 
those of the constituents which have entered into com- 
bination. This combination is usually attended with 
an elevation of temperature. The elements are held 
together in combination with different degrees offeree. 
Copper will displace mercury from its combination 
with chlorine, whilst the copper is in turn readily 
displaced by iron. From thjs it appears that chlorine 
has a greater affinity for copper than for mercury, and 
for iron than for copper. 

The force of chemical affinity is very much in- 
fluenced by heat Some chemical compounds are 
entirely decomposed by heat ; the particles seem to 
be removed beyond the sphere of chemical action by 
the repulsive force of heat. Heat destroys all organic 
substances, but this destruction gives rise to other 
compounds of a more permanent character. Light, 
also, modifies the force of affinity ; if equal volumes of 
chlorine and hydrogen be mixed in the dark they do 
not unite, but under the influence of sunlight combina- 
tion takes place with great violence. The particles of 
matter which combine are assumed to be \ti ^\^ex^Tv\. 
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electrical states, and this is regarded as the basis of all 
chemical action. Electrical currents are among some 
of the most powerful causes of chemical decomposition. 
As chemical combination can only take place when 
the particles or molecules are brought within the sphere 
of the chemical force, which acts at insensible dis- 
tances, the force of cohesion must first be overcome ; 
and this is done by dissolving the substance, usually in 
water, so that the particles may be brought into closer 
contact. Substances in a solid state rarely, if ever, 
combine, even if reduced to powder. When elements 
are liberated at the same time, in what is called their 
nascent condition, compounds are sometimes formed 
which cannot be effected under other circumstances. 
If nitrogen and hydrogen be mixed in the same vessel 
combination does not take place ; but when these 
gases are set free at the same time, as in the case of 
manure heaps, ammonia is formed. 

Weight. — By the term weight is meant the whole 
amount of matter a body contains, and this is generally 
expressed in grains, pounds, grammes, &c. Specific 
weighty or specific gravity^ is the number which ex- 
presses the ratio which the weight of a' cubic inch of 
the body bears to the weight of a cubic inch of dis- 
tilled water at a temperature of 15 '5° C. 

The specific gravity of — 

Platinum . . . .21 
Gold . . . , . 19 

Lead . . . . .11 

Copper 9 

Iron 7 

So that in the same bulk we have three times more 
matter in platinum than in iron, and iron is seven times 
heavier than its own bulk of water. In gases, hydrogen 



ATOMS. — ATOMIC WEIGHTS. 7 

is taken as unity ; and the specific gravities of gases 
are referred to that standard. Great skill is required 
in determining the specific gravity of gases or vapours, 
and nothing short of frequent practice can give accu- 
racy in the results. 

Atoms. — Chemists assume that the elementary 
bodies are built up of infinitely small particles, which 
they call atoms ; they further assume that these atoms, 
with few exceptions, are all of the same size, but of 
different weights, and that this difference is expressed 
by the atomic weights of the elements. The exceptions 
are phosphorus and arsenic, whose atoms are believed 
to be half the usual size ; and zinc, cadmium, and mer- 
cury, whose atoms are double the size. The theory 
of atoms was originated by the late Dr. Dalton, of 
Manchester, whose name it bears. An atom is defined 
to be the least part of an elementary body which can 
enter into, or be expelled from, a compound. The 
term is sometimes applied to those groups of atoms 
called compound radicals, such as ammonium, hy- 
droxyl, &c. 

Atomic Weights. — These are the atom weights 
of the elements, the atom weight of hydrogen being 
taken as unity. They are obtained in the case of 
elements which are gases, or volatile liquids or solids, 
by comparing the weight of a volume of the gasorvapour 
with the weight of the same volume of hydrogen 
under like conditions of temperature and pressure. 
Taking hydrogen as unity, then, the densities of the 
elementary gases are identical with their atomic weights, 
the elements named above being the only excep- 
tions to this law. If atoms be of the same size, it 
will readily be understood that the same volume will 
hold the same number, and the difference in the 
weight of the volume will therefore expiess tVv^ dvfifev 
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ence in the weight of the individual atoms. For 
example : the weight of a litre * of hydrogen at o" 
Centigrade and 760 millimetres (760 m.m.) barometric 
pressure equals '0896 gramme. A litre of chlorine 
gas, under like conditions of temperature and pressure, 
weighs 35*5 x '0896 gramme, and a litre of bromine 
vapour 80 X '0896 gramme. Assuming that a litre 
holds the same number of atoms of hydrogen, 
chlorine, and bromine respectively, the individual 
atoms will stand related in weight to the numbers 

i> 35"S> and 80. 

In the case of fixed solids, such as metals which do 
not vaporize, the atomic weight is taken to be that 
weight of the solid which at any given temperature 
contains the same amount of heat as seven parts by 
weight of solid lithium at the same temperature. 
Thus it requires 56 parts of iron, 63*5 of copper, or 
207 of lead, when heated to 100° C., to raise a litre of 
water through as many degrees of temperature as 
7 parts of lithium would do. Therefore, 56, 63*5, 
and 207 are the atomic weights of iron, copper, and 
lead respectively. 

It must be clearly understood that the atomic weights 
are not absolute weights, but relative, referred to that 
of hydrogen as unity ; when, therefore, we state that 
35*5 is the atomic weight of chlorine, we mean that 
the weight of the atom of chlorine is 35*5 times the 
weight of the atom of hydrogen. 

Molecules. — This name is given to the smallest 
quantity of an element or compound which is capable 
of separate existence^ or which can exist in the free or 



* The French weights and measures are usually adopted in 
modern works on chemistry, and they will be used in this treatise. 
See Appendix. 
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uncombined state. All molecules are of the same 
size, for the law of Ampfere, which most chemists now 
accept, states that ** all gases and vapours contain the 
same number of molecules within the same volume." 
Many of the elementary molecules consist of pairs of 
atoms ; the molecular weight, therefore, in these cases 
is twice the atomic weight. 

The following are examples of elementary mole- 
cules : — 

Monatomic molecules, containing one atom ; mercury, cadmium, 
zinc. 

Diatomic molecules, containing two atoms ; hydrogen, chlorine, 
bromine, iodine, fluorine, oxygen, nitrogen, sulphur. 

Triatomic molecules, containing three atoms ; ozone (allotropic 
oxygen). 

Tetiatomic molecules, containing four atoms; phosphorus and 
arsenic. 

Hexatomic molecules, containing six atoms ; sulphur (at tempe- 
ratures but little removed from its boiling point). 

The molecules of compounds occupy the same voluvie 
as one molecule of hydrogen^ no matter how many 
volumes the constituents may measure. Taking the 
molecule of hydrogen to measure two volumes^ then — 

1 vol. or atom of H, and i vol. or atom of CI, combined form 
2 vols, or I molecule of hydrochloric acid. 

2 vols, or atoms of H, and i vol. or atom of O, combined form 
2 vols, or I molecule of steam. 

3 vols, or atoms of H, and i vol. or atom of N, combined form 
2 vols, or I molecule of ammonia gas. 

4 vols, or atoms of H, and i vol. or atom of C, combined form 
2 vols, or I molecule of marsh gas. 

Sjrmbols, Formulae,— The elements are repre- 
sented by letters, which are called symbols; thus, S is 
the symbol for sulphur, P for phosphorus. When two 
or more elements have names commencing with the 
same letter, the single letter is assigned to the pimd^^\ 
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or non-metallic element, and a Second letter in small 
type is attached to the initial letter for the others: 
thus, C is the symbol for carbon, CI for chlorine, Cr 
for chromium, Ca for calcium. In some cases the 
initial letters of the Latin names are used; Ag (ar- 
gentum) for silver, Fe (ferrum), iron, Hg (hydrargyrum), 
mercury. 

The symbol of an element represents one atom or 
volume of that element ; H represents one atom or 
one volume of hydrogen, CI one atom or volume of 
chlorine. More atoms than one are indicated by 
placing a small figure at the right hand of the symbol; 
thus, H2 means two atoms of hydrogen. A large 
figure placed in front of the symbol has also the same 
significance; as 2H, two atoms of hydrogen. 

The molecules of compounds are represented by 
the juxtaposition of the symbols of their component 
elements ; thus, HCl stands for a molecule of hydro- 
chloric acid, OH2 for one of water, NH3 for one of 
ammonia gas : these groups of symbols are called 
chemical formu ice. Two or more molecules of a com- 
pound are denoted by placing a large figure before 
the formula; thus, 2NH3 indicates two molecules of 
ammonia gas, 3 OH., three of water. The large figure 
affects every symbol in the formula which comes after 
it, whilst the small ones only apply to the symbol 
or the bracketed group of symbols to the left of 
them : e.g,^ (C 114)2, two molecules of marsh gas. 

Nomenclature. — Elements. — The names of the 
elements have not been given according to any fixed 
rule, except in the case of the metals, whose names 
are made to terminate in "um :'* several of the metals, 
however, still retain their old names, gold, silver, lead, 
tin, copper, iron ; in fact, the rule only applies to those 
metals which have been discovered in recent times. 



NOMENCLATURE OF COMPOUNDS. II 

Selenium, though not a metal, was thought to be one 
on its discovery, and its name has not been changed. 
Four of the non-metals have names terminating in 
" ine,'* — chlorine, bromine, iodine, and fluorine ; these 
are sometimes called halogens (salt-producers) : three 
end in "on," — carbon, boron, and silicon: other three 
terminate in *' gen," — oxygen, hydrogen, and nitrogen, 
the "gen" being derived from the Greek word yeyyaut, 
to produce, and implying that the three substances 
are acid, water, and nitre producers respectively. 
The remaining names are either arbitrary, or are 
supposed to indicate some prominent property of the 
element. 

Compounds, — The student of chemistry is often 
perplexed with the variety of names given by chemical 
authors to one and the same substance ; as an example, 
if he consult a sufficient number of text-books he will 
find fhat the black compound produced by the union 
of oxygen with copper is variously called oxide of 
copper, protoxide of copper, cupric oxide, copper 
oxide ; and if he attempt to purchase the article he 
will find that the shop name of it is black oxide of 
copper. This apparent confusion arises from the 
transitionary state of the science ; but it is very desir- 
able in the interest of science that this state of things 
should not continue. The name of a compound, on 
the one hand, should be sufficiently precise and ex- 
pressive to enable us to identify it ; and on the other 
hand, it should express as clearly as possible its com- 
position and constitution, — the mode, namely, in 
which its atoms are arranged in its molecule. The 
latter condition unfortunately cannot always be ful- 
filled without the introduction of long and frequently 
not very euphonious words. In this work the syste- 
matic name wiJJ be foWovit^ by the shop ox coxwrntxcYSki 
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name whenever it is thought desirable to introduce it 
the latter name will be found in brackets. 

The simplest form of a chemical compound is thai 
in which two elements are united; these are callec 
binary compounds. The name of the positive ele 
ment, or some abbreviated form of it, or of its Latir 
name, is made to terminate in "ic," and is placec 
first; and the negative element, or its abbreviation 
comes after it with the termination " ide." The fol 
lowing are examples of this class of compounds ; — 

A compound of — 

Potassium and iodine is called potassic iodide. 
Sodium „ chlorine „ sodic chloride. 
Copper „ sulphur „ cupric sulphide. 
Silver „ chlorine „ argentic chloride. 

Lead „ oxygen „ plumbic oxide. 

Calcium „ fluorine „ calcic fluoride. 

The positive element frequently forms more thai 
one compound with the same negative element ; whei 
this is the case, the compound which contains ih< 
largest proportion of the negative element has th« 
terminal "ic" to the positive constituent, and tha 
which contains the smaller amount has the termina 
"ous;** thus — 

2 atoms of iron, and 3 atoms of oxygen, form ferric oxide. 
I atom ,, „ I atom ,, „ ferrous oxide. 

1 atom of mercury, and 2 atoms of dilorine „ mercuric chloride 

2 atoms ,, ,, ,, „ t9 niercurous „ 
I atom of tin, „ 4 „ », n stannic „ 
I if tf ») 2 „ „ „ stannous „ 

In some rare cases there are compounds whicl 
contain more of the negative constituent than the on. 
represented by the terminal **ic;" in this case th« 
prefix " per " is used ; thus — 
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2 atoms of lead, and i atom of oxygen, form plumbons oxide. 
I atom „ „ „ „ „ plumbic „ 

„ „ „ 2 atoms ,, „ „ peroxide. 

When it is necessary to indicate the number of 
atoms of the positive and negative constituents respec- 
tively with great precision, the Greek numerals are 
used as prefixes; " mono " for one, "di " for two, " tri " 
for three, "tetra" or **tetr'* for four, "penta" or 
"pent" for five, "hexa" or "hex" for six, "hepta" 
or " hept '* for seven, and " octa" or " oct " for eight. 
Thus, a compound composed of two atoms of man- 
ganese and six atoms of chlorine is called — 

Z^imanganic ^^ararchloride. 

The student will do well to familiarize himself with 
the meanings of these Greek numerals, as they are 
very firequently used in the systematic names. 

There are certain oxides which form acids when 
brought into contact with water; the usual nomen- 
clature of binary compounds is not applied to these. 
They are called anhydrides (from a, negative, and v^wp, 
water), or anhydrous acids ; thus — 

CO2 is called carbonic anhydride. 

502 „ sulphurous „ 

503 „ sulphuric „ 
N2O3 „ nitrous „ 
N2O5 „ nitric 
P'iOa „ phosphoric 
SiO, „ silicic 

These anhydrides may therefore be described as 
the residues of acids from which water has been 
abstracted. 

Several of the hydrogen binary compounds still 
retain their old names, the systematic name being 
rarely used; thus — 
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Systematic Name. 
Hydric oxide 


Formula. 

. OH, 


Common Name. 

. water. 


„ sulphide , 
„ chloride 
„ bromide , 
,y iodide 
„ fluoride . 
„ carbide 


. SH, 
. HCl 
. HBr 
. HI 
HF 
, CH4 


. sulphuretted hydrogen. 
. hydrochloric acid. 
. hydrobromic acid. 
. hydriodic acid. 
. hydrofluoric acid. 
. marsh gas. 


„ nitride 


. NH, 


. ammonia gas. 


„ phosphide, 
„ arsenide . 


PH3 
AsH, 


. phosphoretted hydrogen 
. arseniuretted hydrogen. 



And there are a few oxides whose common and 
well-known names still keep their ground ; thus — 

Baric oxide, BaO, is more frequently called baryta, 
Strontic „ SrO, „ strontia. 

Calcic „ CaO, „ lime. 

magnesia. 

alumina. 



Magnesic „ MgO, 

M0„ 
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Aluminic 

Some of these 
hydrates; thus — 

BaO and OH, 
CaO „ OH2 
SrO „ OHj 
K2O „ OH2 
Na,0 „ OH2 



« 



n 



99 



oxides combine with water to form 

form Ba(H0)2, baric hydrate. 
Ca(H0)2, calcic hydrate. 
Sr(H0)2, strontic hydrate. 
2KHO, potassic hydrate. 
2NaH0, sodic hydrate. 

And most of the metals can be obtained by suitable 
means in the form of hydrates. 

Acids. — These bodies, as a rule, possess a sour 
taste, and have the property of reddening many vege- 
table substances, such as litmus, red cabbage liquor, 
infusion of purple dahlia petals, violets, &c. But 
these properties are not regarded as essential. An 
acid is defined to be a " compound containing one 
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or more atoms of hydrogen, which it can exchange for 
potassium or sodium when one of these metals is 
presented to it in the form of a hydrate." It is 
not always possible to exchange the whole of the 
hydrogen in this manner ; and when this is the case the 
hydrogen which can be exchanged is called " replace- 
able hydrogen." An acid containing one such atom 
of replaceable hydrogen is said to be monobasic; when 
it contains two it is dibasic; three, trihasic; and four, 
tdrabasic ; and we speak of its basicity\i€vc\g one, two, 
three, or four, as the case may be. When the basicity 
of an acid is greater than one, it is frequently spoken 
of as a poly basic acid. 

The following examples will illustrate the mode in 
which the hydrogen of acids is replaced by sodium 
and potassium.* 

HCl + OKH = KCl + OH 2. 

Hydrochloric Potassic Potassic Water, 

acid. hydrate. chloride. 

In the above instance the potassium of the hydrate 
replaces the hydrogen of the acid. 

NO,H + ONaH = NOsNa 4- OH^. 

Nitric acid. Sodic hydrate. Sodic nitrate. Water. 

Here the hydrogen of the nitric acid is exchanged 
for sodium. 

SO4HJ + 20NaH = S04Na2 + 2OH2. 

Sulphuric acid. Sodic hydrate. Sodic sulphate. Water. 

And in this case the two atoms of hydrogen in the 
dibasic sulphuric acid are exchanged for two atoms 
of sodium. 



• For an explanation of the meaning of the signs used in these 
equations, see p. 37. 
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There are two classes of acids : first, the hydracids^ 
which contain no oxygen; they are formed by the 
combination of an element, such as one of the halo- 
gens, with h3^drogen : thus we have hydrochloric acid, 
HCl ; h3rdrobromic acid, HBr, &c Their names are 
obtained by using the ** ic ^ terminal to the chlorous 
element with the prefix ** Hydro" or " Hydr." The 
other adds contain oxygen, and are hence distin- 
guished by the name oxy-adds; they are named by 
adding the terminal ^ ic ** to the name of the element 
with which the oxygen is united or to its abbrevia- 
tion : thus we have nitric acid, NO3H ; chromic acid, 
Cr04Hfc &C. When an element forms two oxy- 
acids the name of that which contains the smallest 
amount of oxygen has the terminal " ous :" thus we 
have sulphuric acid, S04Hfc and sulphurous acid, 
SOsH^ The prefix "per" is used to indicate an acid 
containing more oxygen than the one whose name 
terminates in *'ic," and **hypo" is the prefix for 
those containing less oxygen tfian the one ending in 
" ous." Numerous examples of these acids will be 
found in the table of salts, p. 33 et seq. 

There are some acids which contain sulphur in the 
place of oxygen ; these are distinguished by having 
the prefix "sulpho" or "sulph" attached to them. 
Thus we have — 

Sulpharsenious acid, AsSjHj. 
Sulpharsenic acid, ASS4HS. 

Bases. — A base is a compound which is converted 
into a salt by the action of an acid. In this action 
the elimination of water is the usual accompaniment. 

Bases are of three classes : — 

I. Metallic oxides, such as sodic oxide, ONaa, 
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potassic oxide, OKj, calcic oxide, CaO, baric oxide, 
BaO, cupric oxide, CuO, ferric oxide, FejOs. 

2. Metallic hydrates, as sodic hydrate, ONaH, 
potassic hydrate, OKH, calcic hydrate, Ca(HO)a, 
ferric hydrate, Fe2(HO)6. 

3. Certain compounds of hydrogen with nitrogen, 
phosphorus, arsenic, antimony, &c. : these are not 
of frequent occurrence; the nitrogen compound, 
ammonia, NH3, being the most common. 

The following examples will exhibit the mode 
whereby the bases are converted into salts :— 

SOiHj 4- ONa, = SO^Na^ 4- OHj. 

Acid. Base. Salt Water, 

NO3H + OKH = NO3K 4- OH,. 

Acid. Base. Salt. Water. 

SO4H2 + Ca(H0)2 = SO^Ca 4- 2OH2. 

Acid. Base. Salt. Water. 

HCl 4- NHs = NH4CI. 

Acid. Base. Salt, 

The bases of the first and second order are named 
according to the rules already given for binary com- 
pounds. The termination " ine " is used for the third 
order ; as phosphine, PHg, nitrine, NH3 ; but the com 
mon names, phosphoretted hydrogen, ammonia, 
ahready given, are more frequently used to designate 
these bodies. 

Salts. — It will already have been noticed from 
the foregoing examples that a salt is the product 
of the action of an acid upon a base ; the hydracids 
yield in this manner haloid salts, the oxy-acids 
oxy-salts^ and the sulpho-acids sulpho-salts. 

Salts are also fonned by the direct combination of 
metals with the halogens ; thus, when sodiMca ^.xv^i. 

c 
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Other metals are burnt in chlorine gas, the chlorides 
of these metals are formed, and these are true salts. 

The acids may be regarded as salts whose basylous 
element is hydrogen ; in fact, each one of them is a 
body on the type of which a whole series of salts is 
framed : thus, hydrochloric acid (hydric chloride) is 
the type or representative of all chlorides, sulphuric 
acid (hydric sulphate) of all sulphates, nitric acid 
(hydric nitrate) of all nitrates. 

The nomenclature of haloid salts follows the usual 
rule of binary compounds; thus we have potassic iodide, 
KI, calcic fluoride, CaFj, ferric chloride, Fe2Cl«, &c. 

The oxy-salts are named by adding the terminal 
"ate" to the name of the acid or its abbreviation when 
it ends in " ic/* and the terminal " ite " when the name 
of the acid which forms it ends in " ous ;" thus, sulphu- 
ric acid forms sulphates, sulphurous acid sulphites. 

Oxy-salts are said to be acid — or normal salts ^ 
according as the hydrogen of the acid is partially 
or completely replaced; thus, hydric-sodic sulphate, 
S04NaH, is an acid salt, because the hydrogen is only 
half replaced by sodium ; but sodic sulphate, S04Na2, is 
2i normal soXt, because the hydrogen is entirely replaced 
by sodium. These latter are sometimes called neutral 
salts. A few basic salts are also known. 

Atomicity or Equivalence.—The laws of chemi- 
cal combination, such as the constancy of compo- 
sition and multiple proportion, and the laws of 
substitution, are best explained under this head. 
The atomicity or equivalence of the elements — for 
these are synonymous terms in the modem sense — 
is defined to be the atom-fixing or atom-replacing 
power of an element. It is of the greatest importance 
that the student should be fully acquainted with this 
modern development of chemistry. 
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The atoms of the elementary bodies have very 
different values in chemical exchange. This value is 
estimated in terms of an atom of hydrogen ; thus, in 
the following equation one atom of sodium is found to 
take the place of one atom of hydrogen : — 

HCl + Na = NaCl 4- H. 

Hydrochloric acid. Sodium. $odic chloride. Hydrogen. 

In the above example one atom of sodium (23 
parts by weight) replaces one atom of hydrogen 
(i part by weight), and does an equal amount of com- 
bination work. Again, one atom of zinc in the 
following equation displaces two atoms of hydrogen, 
and therefore does twice the work of one atom of 
hydrogen : — 

Zn + 2 HCl = H2 + ZnCl.,. 

Zinc. Hydrochloric acid. Hydrogen. Zincic chloride 

When hydrogen and zinc are made to unite with 
chlorine, the hydrogen • atom is found to be united 
to one atom of chlorine, and the zinc atom to two. 
It will be seen, therefore, that the atom-fixing and 
atom-replacing power of zinc is twice that of hy- 
drogen. 

Similarly an atom of gold can be substituted for 
three atoms of hydrogen, an atom of carbon for four, 
an atom of nitrogen for five, and one of sulphur for 
six respectively. 

In order to account for this fact it is assumed that 
the atoms of different elements possess different 
powers, lines of force, or points of attachment ; these 
have been named bonds by Dr. Frankland : thus the 
atoms of hydrogen and chlorine are single-bonded, 
whilst the atom of zinc has two such bonds, for it has 
twice the combining power of the hydrogen or 
chlorine atom. 
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To exhibit these fkcts graphically in the cases 
enumerated, the atoms may be represented by circles, 
and the bonds by short lines, thus : — 

Graphic representation 
of the atom with its bonds. 



Hydrogen 

Zinc 
« 

Gold . 
Carbon 
Nitrogen 
Sulphur 



o- 







Dr. Odling was the first to introduce the use of 
dashes and Roman numerals to indicate the atomicity 
of the elements. These are placed above and to the 
right of the symbol ; thus in H', Zn", Au"S C*% N^ S^', 
the dashes or numerals represent the number of bonds 
which an atom of the element possesses. 

An element whose atom is capable of replacing 
one atom of hydrogen is called a monad; when the 
atom is equal in exchange value to two of hydrogen it 
is called a diad; when to three, a triad; to four, a 
tetrad; five, 2, pentad; and six, a hexad. In the fol- 
lowing table die more commonly occurring elements 
are classified according to their atomicities, their 
symbols and atomic weights being also given here for 
the convenience of the student. 
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When two monad elements are in combination, the 
single bond of the one is occupied or fixed by the 
single bond of the other ; thus the atoms of hydrogen 
and chlorine in combination are represented graphic- 
ally as under : — 

®# 

and this group of atoms constitutes the molecule of 
hydrochloric acid. A molecule may therefore be 
regarded as a group of atoms in which all the bonds 
are engaged. The following examples will illustrate 
this fact still further : — 

Symbolic formula. Graphic formula. 

Sodic chloride ... . Na'Cl . . . (gH§) 



Zincic chloride 



Marsh gas 



Zft"CL 



Auric chloride . . . Au'^'Cl, 



C'^Hi 



Ammonic chloride . N^'HiCl 
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Symbolic formula. Graphic foirmola. 



Sulphuric anhydride . S^'O", . 




In the above cases the bonds of the elements are all 
occupied, and the molecules are complete ones. 

Elementary atoms cannot exist in a separate condi- 
tion unless all their bonds are engaged. The two 
bonds of a diad atom are sometimes found to satisfy 
each other, and thus form a monatomic molecule ; the 
following are well-known examples : — 

Mercury ♦ • . Hg^ , . ... 
Zinc . . • Zn" • • 
Cadmium . . Cd" , 

• • « • • 

The foUo^ang are examples of other elementary 
molecules, showing how it is assumed that their bonds 
are engaged : — 




Hydrogen , 


• ri 2 


Chlorine . 


. cr, 


Oxygen 


. 0", 


„ as ozone 


. 0", 











V 




Fbospbcoua 



The elementary atoms are not always found to be 
united to the same proportion of another element ; 
thus in sulphuretted hydrogen. (SHi) the sulphur has 
only two bonds occupied by the two monad atoms 
of hydrogen ; in sulphurous anhydride (SOj) the 
sulphur atom has four bonds saturated, for tt is united 
to two diad atoms of oxygen ; and in sulphuric an- 
hydride (SOj) all its bonds are engaged. Again, in 
ammonic chloride" (N'H.CI) all th^ five bonds of 
nitrogen are engaged ; in ammonia gas (NHj) only 
three of them ; and in nitrous oxide (N,0) one bond 
only of each nitrogen atom i^ fixed by one of the 
oxygen bonds. 

It will be noticed that in the above examples the 
bonds disappear in pairs, and it has been suggested 
by Dr. Frankland that this may be accounted for by 
assuming that the bonds not engaged are satisfying one 
another. How this is accomplished in the cases above 
cited may be represented graphically as follows : — 
Symbolic. Graphic. 

Snlphuietted bTdrogea. . SH. . . 



Solpht^boi anhydride . . SO. 
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Symbolic* Graphic 



Sulphuric anhydride • . .SOg ^ • 



Ammonic chloride • • • NH4CI • 



Ammonia gas 



Nitrous oxide 



NH, 



ON, 




The highest number of bonds which an element is 
known to have is called its absolute atomicity, the 
number of bonds engaged in a compound is called 
its active atomicity, and the number not engaged its 
latent atomicity. Thus the absolute atomicity of 
sulphur is six : in sulphuric anhydride all the bonds 
are active; in sulphurous anhydride two are latent 
and four active ; and in sulphuretted hydrogen two 
are active and four latent 

An elementary body whose absolute atomicity is 
an even number will always have an even active 
atomicity, for its bonds become latent in pairs ; and 
the active atomicity of an elementary body whose 
absolute atomicity is odd will always be odd for the 
same reason, and the terms perissad and artiad are 
now used to express the odd and even atomicity 
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respectively. As the bonds become latent in pairs, 
it will readily be understood that an artiad never can 
become a perissad, nor a perissad an artiad. 

Compound Radicals.— The elements are simple 
xadicals. There are certain groups of elementary bodies 
which are found in a great many chemical compounds, 
and which are a very important class of bodies ; they 
perform all the functions of elementary bodies ; they 
can be transferred from one compound to another in 
the same way that elements can. These bodies are 
called compound radicals. The following is a list of 
some of the most important of them,with their formulae : 

Abbreviated atomic 
Molecule. Atom. formulae. 

Hydroxy! . . (HO), . . (HO)' • , Ho 
Hydrosulphyl . (HS), . . (HS)' • • Hs 
Ammonium . (NH*), . (NH4y . . Am 
Ammonoxyl . (NH^O), . (NH^O)'. . Amo 

The metals also enter into the composition of these 
radicals, the metal being engaged by one bond only 
of the oxygen, which serves to link it to the other 

part of the molecule r — Abbreviated atomic 

Molecule. Atom. formulae. 

Potassoxyl . • (K0)2 . (KG)' . Ko' 
Sodoxyl . . . (NaO)2 . (NaO)' . Nao' 
Zincoxyl . . . (Zno2)2 . (Zn02)" . Zno' 

The compound radical atoms are groups of ele- 
ments in which one or more bonds are disengaged ; 
like elementary atoms they cannot exist in a separate 
condition, for when they are isolated, as some of them 
can be, thty double themselves to form the molecule. 
They perform all the functions of elementary bodies : 
those which have only one bond unsatisfied are 
monad radicals, as sodoxyl ; those with two bonds 
unsatisfied are diad radicals^ as zincoxyl. 
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The following are the graphic formulae of the abovi 
compound radicals : — 

Hydroxyl . (^^ | Ammonoxyl. 
Hydrosulphyl. fflHi 



Ammonium 





Potassoxyl . 

Sodoxvl 

Zincoxyl 



And the mode in which they enter into combinatio 
may be seen in a few selected formulae* of compounds 
hydroxyl enters into the composition of all oxy-acid 
and hydrates; 

Compounds containing hydroxyl: — 

IS^bolic Graphic 

formulae. formulae. 

Potassic hydrate . KHo . , 
Calcic hydrate . . CaHo2 



Nitric acid 



NO,Ho 



Sulphuric acid . . SO2H02 . 
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Compounds containing* other radicals 



Sodic sulphate . . S02Nao2 
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Zincic sulphate . . SOaZno" 



Calcic nitrate 



(NO, 

. { Cao" 

VNOj 




As the symbol of an element represents an atom of 
that element, it will readily be seen that the circles 
may be dispensed with in the graphic formulae, the 
bond lines still being retained ; thus nitric acid and 
sulphuric acid may be graphically represented as 
follows : — 



O 

II 
N 
11 
O 



-O-H 



O H 



The student will therefore gradually abandon the 
use of the circle when it has fully served its purpose. 

Notation. — There are at present three different 
forms of formulae in use for the purpose of represent- 
ing the atomic constitution of molecules, or the mode 
in which, as it were, the molecule is built up. ¥*\\%\. 
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we have the *^ Glyptic* (yXmrroc, carved) formulse of 
Dr. Hofinann, which is the simplest and perhaps the 
most perfect mode of representing molecular consti- 
tution. These consist of wooden balls, which may be 
made about two inches in diameter, and pierced with 
as many holes as the bonds of the atoms which they 
are intended to represent. The balls are usually 
coloured : blue for hydrogen, red for oxygen, green 
for chlorine, white fof nitrogen, and so on. They 
may be connected by pegs of wood, or short pieces 
of small brass gas piping. These pegs represent the 
bonds or lines of force admirably. Bent pieces of 
piping, and short pieces of vulcanized tubing for con- 
nectors, will be found useful accessories. 

Graphic formulae are the pictorial representations 
of glyptic formulae, in which atoms are shown by 
circles, and bonds by connecting lines. They are 
used when glyptic formulae would be too cumbersome 
from the great complexity of some molecules, and may 
be made to gradually supersede them. Dr. Crum 
Brown introduced this form of formula as an aid to 
teaching, which has been adopted by Dr. Frankland 
and other professors. Numerous examples of this 
kind of formulae have already been given. 

Symbolical formulae, however, are the most con- 
venient, and may be made almost as expressive as the 
other two modes, and the student should gradually 
wean himself from them. 

We have already stated that the atoms of elements 
are represented by symbols, and compounds of them 
by the juxtaposition of their symbols. When the 
symbols in a formula are placed without any regard 
being had to the mode in which their bonds are satis- 
fied, we have what is called an empirical formula. 
Thus we have represented sulphuric acid by the for- 
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mula SO4H2; this is an empirical formula^ for it gives 
us no idea as to the mode whereby the atoms of sul- 
phur, oxygen, and hydrogen are Hnked together ; 
it merely gives us the sum-total of the atoms con- 
tained in the body, and enables us to calculate there- 
from the respective weights of the elements present. 
Constitutional or rational formulce are the symbolical 
representatives of the glyptic and graphic formulae de- 
scribed above ; they exhibit at the same time the number 
of atoms and weight of the elements, and also their 
mode of arrangement in the molecule. The following 
are the rules for formulating employed in this work : — 

1. The first symbol in the formula is printed in 
thick type, unless the element be a monad, 

2. The symbols of the elements or radicals whose 
available bonds are all directly united to the first 
S3niibol are made to follow it on the same line. 

3. The element having the greatest number of 
bonds will, as a rule, be placed first. 

Thus, sulphuric acid, the empirical formula of which 
is SO4H2, or H2SO4, when represented constitutionally 
becomes SOgHog, which shows that the hexad sul- 
phur atom is combined with the four bonds of the 
two oxygen atoms, and also with the two bonds of 
the two atoms of hydroxyl. This formula is therefore 
the exact representation of the graphic formula of the 
same substance which has already been given, p. 29. 

A bracket is used for expressing chemical combi- 
nation between two or more elements placed perpen- 
dicularly with regard to each other, and next to the 
bracket. Thus in — 

(NO, 
\ Cao" 
( NO, 
the two nitrogen atoms have four of their bonds 
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united to the four bonds of oxygen placed in the 
same line, . and the remaining bond of the pentad 
nitrogen is fixed by a bond of the radical Cao" placed 
perpendicularly with respect to it. 

When the b hexads, p. 22, are found in combination 
as tetrads, the molecule almost invariably contains 
two atoms of the metal, which are linked together by 
one of their bonds. The tetrad aluminium is found 
in no other sort of combination, e.g.^ — 

fCrCls jAlFs fFeCl3 fMnO^ 
tCrCla, IaIFs. JFeCl,, JMnO^' 

Three of the bonds of the metal atom are engaged in 
the horizontal line, and the remaining bond connects 
it with the other metal atom whose symbol is placed 
perpendicularly and next the bracket. The same kind 
of combination is exhibited in on e line by using three 
atomicity marks to the right of the symbol and one to 
the left \ thus : — 

'Cr-'gCle, 'Al'"Fe, Te'"2Cle, 'Mll^Os. 

Metals of this class have been called pseudo-triads, 
but it will be seen that they are really tetrads. 

In the following tables the student will find the 
general constitutional formulae of most common salts. 
He will find it good exercise to write out the formulae 
of a number of metallic salts, which he can readily do 
by substituting the symbol of the metal for the " M " 
in the formula. He must be careful to use the formula 
given in the monad column when he wishes to intro- 
duce a monad metal, and the diad column will give 
him the formulae for diad metals, and so on. These 
tables are given as a ready reference in cases of dif- 
ficulty, and are in no way intended to supersede the 
usual mode of learning how to symbolize salts. 
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Equations. — Chemical changes are explained by 
equations, in which the elements or compounds con- 
cerned in the change are placed on the left of an = 
sign, with a -f sign between the molecules, and the 
products of the reaction are placed to the right of the 
= sign, also with the sign 4- placed between their 
molecules. Equations in which single atoms of the ele- 
ments or radicals occur are said to be atomic equations ; 
they are not correct representations of chemical change, 
as by them single atoms are made to have a separate ex- 
istence. They are correct only in cases where a single 
atom is also a molecule ; e. g., zinc, cadmium, mercury. 

Molecular equations, which represent more 
correctly what takes place, are much to be preferred ; 
the following are examples of the two kinds : — 

Atomic Equations, 
Na -f OH2 = NaHo + H. 
K 4. HCl = KCl 4- H. 
Molecular Equations, 
Na^ -f 2OH2 = 2NaHo + H^ 
Ka + 2HCI = 2KCI -f Hj. 
Zn -i- OH2 = ZnO + Hj. 

Atomic and Molecular Combination. — In 

all examples of chemical combination hitherto given 
it has been essentially atomic, atom being linked to 
atom, atom uniting with atom. In all probability, 
where direct combination occurs, there is a breaking 
up or opening out of previously existing molecules : 
thus, when common salt, NaCl, is formed by burning 
sodium in chlorine, a molecule of sodium is acted on 
by a rnolecule of chlorine, and it is rather by an inter- 
change of atoms than by direct combination that the 
product is formed ; thus, 

Na, + CI3 = 2NaCl. 
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And it maj be repfesentcd giaphicaUr tfaiis» — 

Moiccnle of Molecule of Two motecaks of sodic cfakxide. 
sodium. chkHrice. 

And when the monatomic molecule of zinc is acted 
on by a molecnle of chlorine, the latent bonds of the 
zinc are opened oat and become active ; thus, — 

^ + ^^ = SH§h@ 

M<^cciileof zinc Molecnle of Molecule of zincic diloride. 

chlorine. 

There are other cases also, though somewhat rare 
ones, in which two molecules, by the opening out of 
their latent bonds, unite to form one molecule ; thus, — 

N 'H, + HCl = N^H^CL* 

One molecule of One molecule of One molecule of 
ammonia. hydrochloric acid. ammonic chloride. 

CO + cu = C^OCl,. 

One molecule One molecule One molecule 
carbonic oxide. chlorine. phosgene gas. 

There are, however, undoubted cases in which 
molecules unite without altering the active atomicity 
of any of the constituents ; the water of crystallization 
contained in many salts is a combination of this 
nature : it is called molecular combination. This kind 
of union is distinguished by placing a comma between 
the molecules so combined. This form of combination 
is always of a feeble character; the following are 
examples : — 

Crystallized ferrous sulphate (copperas) , SOHo,Feo'',60H,. 
,, cupric ,, (blue vitriol) . SOHojCuo'',40H> 

„ magnesic ,, (Epsom salts) SOHoaMgo^j^OH,. 

♦ At high temperatures, however, this molecule breaks up 
into its two original molecules by what is called dissociation. 



APPARATUS AND MANIPULATION. 39 

APPARATUS AND MANIPULATION. 

Before beginning the practical part of the science 
it may not be amiss if a few words of advice and 
caution be introduced here as to Apparatus and 
Manipulation. 

Corks are of constant use, and they should be of 
the best kind. Before fitting them into apparatus they 
should be softened by rolling them under the foot in 
a piece of paper, so as to keep them free from dust. 

When glass tubes have to be passed through the 
cork, holes should be made with a cork-borer rather 
smaller than the tube to be inserted, and nicely eased 
to the proper size with a rat- tail file. If the cork should 
prove porous, the exposed parts must be covered with 
a solution of sealing-wax in spirits of wine. 

Glass tubing niay be cut into the required lengths 
by making a deep scratch on the tube with a tri- 
angular file; the tube is then easily broken. The 
depth of the mark made by the file must depend on 
the thickness of the glass. If the tube has to be bent, 
this should be done before cutting it. To do this the 
tube must be heated gradually in the flame of a gas or 
spirit lamp, by turning it round in the flame, and 
moving it a little to the right and left. As soon as 
the tube becomes red-hot it can be easily bent into 
the required shape. A little practice with a few pieces 
of glass tube over a lamp will soon give the experi- 
menter more knowledge than any written instructions. 

Vulcanized india-rubber tubing, which can 

be purchased of any size, is used for connecting glass 
tubes. In connecting glass tubes by means of india- 
rubber, the ends of the tube should not be brought so 
close together as to interfere with the flexibility of the 
arrangement If the india-rubber tubing dot^ xiol ^\. 
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the glass tubes perfectly airtight, it must be tied wii 
a piece of twine. 

Florence flasks ^iU be found extremely useful, j 
they can be fitted up to suit a variety of purposes, an 
are very cheap. They may be freed from the oil b 
boiling a little washing soda or ammonia in them. 

Gas Jars. — Plain cylindrical jars should be fi"Oi 
twelve to sixteen inches in length and about two and 
half to three inches in diameter, and about one-eighth < 
an inch in thickness. The open end should be groun< 
so as to be closed airtight with a piece of flat glass. . 
little grease should be placed on the glass plate or edg 
of the gas jar, so as to insure perfect tightness. Stoj 
pered jars usually have glass stoppers like bottles, an 
should be ground at the top, so as to be closed with 
glass plate in the manner described for cylindric 
gas jars. These jars are removed from the pneumati 
trough by passing a plate or saucer under the botton 
The plate or saucer should always contain a littl 
water, so as to prevent the access of air and the escap 
of the gas. 

When substances have to be burned in a gas ja 
they are introduced by means of a deflagrating spooi 
This spoon should be fitted with a plate, so as to cov< 
the aperture of the jar, and allow it to pass the require 
depth into the gas. In burning phosphorus, a piec 
not larger than a pea should be used, unless 
large jar or globe be employed, when the piece ma 
be larger, and it will give a much more brilliant light 
it should be carefully dried by gently wrapping it i 
blotting-paper. The phosphorus may then be ignite 
by touching it with a red-hot wire and quickly intn 
ducing it to about two-thirds the depth of the jar. 

In collecting gases over water, where heat is n 
quired, the heat should in all cases be applied gradi 
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ally, and the first portions of gas allowed to escape, 
till all the common air in the apparatus has been 
expelled. At the close of the experiment the delivery 
pipe should be removed from the water to prevent its 
receding. i 

The pneumatic trough should be about two feet 
long, eighteen inches wide, and a foot deep, provided 
with a shelf about three inches below the edge of the 
trough. The water should always stand about one 
inch over this shelf. Holes are made in this shelf, 
over which the jars intended to receive the gas are 
placed. The delivery tube is brought under the open 
end of the jar, and as the gas rises in the jar the water 
is displaced. A spout should be provided to the 
trough, so as to allow the surplus water to pass into a 
pail. An ordinary gas jar is filled with air, and, as no 
two bodies can occupy the same space at the same 
time, it is necessary to expel this air before the jar can 
be filled with gas. This is done by immersing the jar 
sideways in the water of the pneumatic trough, turning 
it over with the open end downwards, and gently rais- 
ing it to the shelf of the trough. If the stopper of the 
jar be airtight, the water, although above the level of 
that in the trough, will stand for any length of time in 
the jar. A shallow pail, or even a wash basin or bowl, 
forms a good substitute for the pneumatic trough. 

WoulflTs Bottles. — It is sometimes necessary to 
dry gases. This is effected by passing them through 
a series of Woulff^s bottles containing sulphuric acid, 
or passing the gas through a tube,fi*om a foot to eighteen 
inches long and three quarters of an inch in diameter, 
filled with calcic chloride. Tubes in the form of a 
U are frequently used. The sulphuric acid and 
calcic chloride are called desiccating agents ^ because 
they deprive gases oi water. 
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In the generatioii of carbonic oxide from oxdlic 
add and sulphuric add, carbonic anhydride and 
carbonic oxide are evc^Ted simultaneously. The 
presence of the former interferes with a careful 
examination of the carbonic oxide. This substance 
must be removed; and this is effected by passing 
the gases through a strong solution of potassic hydrate 
(caustic potash) or lime water, which retains the 
anhydride. By this method pure carbonic oxide is 
obtained, which is passed into gas jars filled with 
water at the pneumatic trough. 

AVhen no heat is required to liberate gases or gaseous 
compounds, a two-necked Woulff's botde may be used. 
It should be fitted up with two glass tubes. The de- 
livery tube, firom which the gas escapes, may be about 
a quarter of an inch in diameter, and pass just through 
the cork of the bottle ; another tube, or better still, an 
acid fimnel of suitable length passing to witliin a 
quarter of an inch of the bottom of the botde, is used 
for pouring in add or water. This saves the trouble of 
taking out the cork, which must be done every time fresh 
acid or water is added, unless the bottle be provided 
with two tubes in the manner described. The materials 
in the bottle should never occupy more than a third, and 
the add should be added carefully, a little at a time, and 
the materials in the bottle agitated by a little shaking. 
A Florence flask may be fitted up with two tubes ; but 
the neck is rather too small, unless great care be taken 
in boring the corks, and small tubes be used. 

The whole of the apparatus for the evolution of 
gases must fit airtight. Too much pains cannot be 
taken to secure this object ; it will save much trouble 
and disappointment The expression, " Thafs near 
enough^' will not do in chemistry; it must be exactly, or 
a satisfactory result cannot be obtained. 
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Crases are sometimes collected by displacement. If 
the gases are lighter than common air, as hydrogen 
and ammonia, or heavier, as chlorine and hydrochloric 
acid, the pneumatic trough 
may be dispensed with. But 
gases of nearly the same specific 
gravity as common air must 
be collected over water. The 




Fig. X, 



same generatmg apparatus as 
that just described will do, 
provided the flask or bottle 
will stand heat if required. 
The delivery tube must pass 
to the bottom of the jar it is 
intended to fill with gas. This 
is often done by blocking the 
jar up with pieces of wood of 
different thicknesses. The top 
of the jar may be covered with 
a piece of cardboard, with a 
hole for the delivery tube to 
pass through. As the gas col- 
lects at the bottom it gradually 
expels all the air, exactly the 
same as if water were poured 
into the gas jar. (See Fig, i .) 
In raising bottles or other 
apparatus let the blocking be 
firm, the largest and heaviest ^-" 
pieces at bottom. When the ^^^j^ 
gases are lighter than com- 
mon air, the receiver may be 
supported by a retort-stand, the delivery tube pass- 
ing upwards to the extremity of the vessel in- 
tended to receive the gas. When large quaiiUUt^ ol 




Fig. a. 
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gas are required a gasometer is used. The most cor- 
venient is the one known as Pepys's gasholder. (Sec 
Fig. 2.) Five minutes' examination of one of these 
gasholders will give the student a much better 
idea of its action than any written description. The 
most careful explanation of any piece of mechanism 
or apparatus must fall short of actual observation. 

In chemistry the terms solution^ soluble^ and solverd 
are frequently employed. Many solid bodies, when 
placed in water, dissolve. Salt and sugar dissolve in 
water. These substances are said to be soluble in 
water; and the water is called the solvent or men- 
struum. The more completely a solid is reduced to 
powder the easier it dissolves. If sugar be placed in 
alcohol it does not dissolve. Here, then, we have an 
example, which may be multiplied to a great extent, of 
a body soluble in one liquid and insoluble in another. 
A solution may be either mechanical or chemical 
The sugar in water is a case of mere mechanical solu- 
tion ; no chemical change has taken place, and, by 
evaporation, the sugar can be obtained in its original 
condition. Salt dissolved in water is another illustra- 
tion of the same kind. In chemical solutions the solid 
and liquid react on each other, forming a new com- 
pound, from which the original solid and fluid cannot 
be obtained by evaporation or any mechanical opera- 
tion. When chalk is dissolved in hydrochloric acid, 
or copper dissolved with nitric acid, we have examples 
of chemical solution. A liquid can only dissolve a 
certain quantity of a solid substance. This quantity 
will vary according to the solid and liquid employed. 
When the solvent or liquid contains as much of the 
solid matter as it is capable of dissolving, it is said to 
be saturated^ as all additional quantities of the solid 
fall to the bottom. 
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The solubility of most substances is increased by an 
increase of temperature. 
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Common salt is about as soluble in hot water as 
in cold. Some bodies attain their maximum solubility 
at a particular temperature. The solubility of dry 
sodic sulphate is at its maximum at a temperature of 
34°; but in sodic nitrate we have the order re- 
versed, — water, at o**, dissolves 80 parts ; at 10° only 
23 parts ; but from this point the solubility increases 
up to 200 parts at a temperature of 100° C. 

Substances dissolved in alcohol, ether, oils, and 
water are called simple solutions. The most important 
solvent is water ; *and when the substance is soluble 
in this liquid no other is used. 

Elevation of temperature accelerates all chemical 
solutions ; heat promotes the action of bodies on each 
other. When bodies enter into chemical combination 
they unite in definite and fixed proportions, irrespective 
of temperature. Solutions are made either in test- 
tubes, Florence flasks, evaporating dishes, or beakers, 
the size being regulated by the quantity of the sub- 
stance to be dissolved. 

Filters' and Filtration.— Filtering paper should 
be of uniform texture, and sufficiently porous to admit 
a free passage of the fluid. Filtration is purely a 
mechanical operation. The object is to separate the 
solid from the liquid ; the former collecting on the 
filter, and the latter passing through, which is called 
the fUtrcUe, The filtering paper is supported by a 
glass funnel, and the funnel may be supported by otv^ 
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of the rings of the retort-stand. (See Fig, 3.) A 
filter is easily made by folding the paper in such a 

manner as to bring the four cor- 
ners together, and by opening one 
comer from the other three, a 
conical cavity is formed. The 
filter may now be placed in the 
fimnel, taking care that it is the 
proper size. It should fit nicely 
against the sides of the funnel, 
and the substance to be filtered 
Fig. 3. added by gently pouring it on 

the side. If projected violently into the centre of the 
filter, the paper is liable to be broken. Nothing short 
of actually doing the thing will give the proper know- 
ledge. It would be just as reasonable to expect a man 
to learn the trade of a joiner by reading books on the 
construction of tools, as to expect a person to learn 
chemistry without proper apparatus; but this apparatus 
need not be expensive, if the student have (as he ought 
to have) some inventive and constructive power. 

The following list of apparatus suitable for perform- 
ing the experiments described in this work may be 
found usefiiL 

Useful Set of Apparatus^ with Prices. 

s. d. 

I oz. measure 08* 

I nest of 4 beakers, 3 to 9 oz. . . . 19 

1 set of 6 cork borers . . . . 26 

2 Berlin porcelain evaporating basins, 2 oz. & 4 oz. o 11 
4 fiasks, 4 oz., 8 oz., 16 oz., and 20 oz. . ~ 3 
i funnels, Bohemian glass, 2 in. and 3 in. . on 
i safety funnel, 2 bulbs .,..09 
I quire white filtering paper ... 10 

'■ ^ Carried forward . . 10 9 
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s, d. 

Brought forward . lo 9 

6 flat glass covers, ground, 2^ in. . . 05 

I Bunsen burner, single jet . , . 16 

Or— 
I spirit lamp, 4 oz., /s., where there is no gas. 
\ dozen London fireclay crucibles, round, 3! in. o 6 
\ dozen covers for crucibles ...09 
I Berlin porcelain crucible and cover, J oz. 08 
I pair of brass crucible tongs, 6 in. . . 10 

1 deflagrating jar, 9 x 4J in. . . . 20 

2 gas cylinders, 8x i| in 20 

I gas cylinder, 12 X 2 in. . . . . 16 

I deflagrating spoon 10 

1 beehive shelf, 4 in. . . . . 08 

Vulcanized india-rubber tubing, \ in. bore, 

3d. per foot. 

1 WedgwQod-ware mortar and pestle, 4 oz. 12 
Retorts, two 4-pz., one 8-oz., stoppered • 2 i 

2 lbs. glass tubing, niixed bore ... 2 8 
I lb. glass rod for stirrers, &c. . ..08 
\ dozen test-tubes, 6 x j^ in. . . . 06 
\ dozen „ . 6 x | in. . . . 07 
I dozen 4 oz. bottles, narrow-mouthed, stoppered 3 6 

3 12 oz. ,, „ ,,19 
I dozen 6 oz. wide-mouthed bottles for corks 2 o 
I Woulff *s bottle, two necks, pint size , i 6 
r test-tube stand to hold six . . 09 
Piece of wire gauze to put under flasks, &c., 

when being heated over gas lamp . o 3 

Piece each of platinum wire and foil . . 09 

I Black's blowpipe 09 

I retort-stand, 16 in. high, 3 rings . . 36 
An assortment of good corks. 

The above set of Apparatus, or any part of it, ma^ \i^\v;5A ol 
Gtorge Jarmain, 80, Northgate Street, HuddersfveVd. 
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The following apparatus will be found extremely 
useful, but they are not indispensable : — 

I Mohr's burette, 50 c.c in J- c.c. 

I flask to hold i litre .... 

I pipette to deliver 100 c.c. 

I gas receiver with brass cap, &c. 

I brass stopcock, male screws . 

I Bunsen's eudiometer, 500 m.m. in 500 

divisions 

I Centigrade thermometer, with glass scale, izoo* 

I universal wooden support 

I Mackintosh bag, 18x13 in., fitted with 

brass screw 

I Herapath's blowpipe .... 
I box of scales and weights, oak box . 

I iron tripod stand 

i dozen test-glasses, cylindrical, 6 oz. 

I wash-bottle with blowing tube 

I white earthenware tile .... 

1 sheet-iron sand bath, 4 in. 

2 Berlin porcelain evaporating basins, 8 oz. 

and 16 oz. 27 

The tyro in chemistry is often at a loss to know 
what materials he should purchase, and the quantity 
of each kind ; a list of substances is therefore appended, 
from which he may himself prepare most of the com- 
pounds named in this treatise. A more extensive 
list will also be found in the Appendix. 
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LIST or USEFUL CHEMICALS. 
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NON-METALLIC ELEMENTS. 
Monads. 

Hydrogen— Hjj. 

Atomic wt. and sp. gr.^i. Molecular weight ^2. Mole- 
cular volume, normal. I litre weighs i crith.* Atomicity, I. 
The standard of comparison. 

This gas exists largely in a state of combination in 
the organic and inorganic kingdoms ; it is a consti- 
tuent of water and of most substances used either for 
fuel or illumination; it is an essential constituent of all 
acids — hydrochloric, HCl ; hydrobromic, HBr ; hydri- 
odic, HI ; hydrosulphuric, SH^; sulphuric, SO2H02, &c. 
Most animal and vegetable substances contain it ; it is 
also found in many minerals. It is only met with in 
a free state in nature in volcanic gases. 

Preparatioil. — It is prepared in a variety of 
ways : — 

(i.) By passing a small piece of sodium or potassium 
into an inverted tube filled with water, and standing 
on the pneumatic trough : — 

Naj + 20Ha z= 20NaH H- Hj. 

Sodic hydrate. 

The sodium displaces half the hydrogen from the 
portion of water acted on, whereby it is converted 
into sodic hydrate, whjch dissolves as rapidly as it is 
formed. The displaced hydrogen collects in the 
upper part of the tube. The sodium should be folded 
in a piece of blotting-paper and rapidly introduced 
into the tube. This experiment is attended with some 
danger unless skilfully performed. 

♦ See paragrap.'i on the crith and its uses. 
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(2.) By passing steam through a red-hot irob tub^ 
filled with nails or iron borings. The iron displaces 
the hydrogen, which escapes as gas, thus :— ^ 

3Fe + 4OH, = FeaOi + 4H2. 

Magnetic oxide. 

(3.) By electric decomposition of water, as will.be 
described when treating of oxygen : — 

2 0H,=i:O, + 2H,. 

The water breaks up into its elements, oxygen and 
hydrogen, which may be collected separately. 

(4.) By adding diluted sulphuric acid to zinc clip- 
pings, in a bottle provided with a funnel tube posing 
to its bottom, and a tube for conducting the evolved 
gas to the pneumatic trough : — 

Zn + SOaHo2 = SOzZno" + H,. 

Sulphuric acid. Zincic sulphate. 

^riie zincic sulphate remains behind in the bottle, and 
if the liquid be filtered and set aside in a shallow dish 
the salt will crystallize in a few hours. The acid 
should be prepared by mixing i volume of commercial 
sulphuric acid with about 5 volumes of water. Hydro- 
chloric acid may be substituted for the sulphuric acid, 
and iron for the zinc : — 

Zn -f 2HCI = ZnCl, -f- Hj. 

Zincic chloride. 

(5.) By boiling zinc in potassic or sodic hydrate 
solution : — 

2OKH + Zn zz ZnKo, 4 Hj. 

Potassic Potassic- 

hydrate. zincic oxide. 

The experiment may be performed in a retort or flask 
with a bent delivery tube. 
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(4) By passing steam through a small platinum 
pipe, which is heated by the oxy hydrogen blowpipe 
flarre. The intense heat overcomes the affinity of the 
oxygen for the hydrogen. 

Properties. — Hydrogen at all known temperatures 
and pressures is a transparent and colourless gas, and 
when pure is tasteless and without odour. It is the 
lightest substance known. A litre of hydrogen at the 
normal temperature and pressure only weighs '0896 
gramme, whilst a litre of air weighs nearly 14^^ times 
as much, and one of oxygen 16 times as much under 
like conditions. 

Hydrogen, from its extreme lightness, was formerly 
used for filling balloons ; its use is now superseded 
by employing coal gas and larger balloons. 

The property of diffusion, which is common — in a 

greater or less degree — to all gases and vapours, is well 

seen in the following experiment with hydrogen and 

carbonic anhydride, two bodies of very different specific 

gravities. If two bottles, one containing hydrogen and 

the other carbonic anhydride, be joined together with a 

glass tube about a foot long and 3-8ths of an inch in 

diameter, the hydrogen in the upper bottle and the 

carbonic anhydride in the lower, we shall find, after 

a few hours, that the carbonic anhydride (contrary to 

its gravity) and the hydrogen have uniformly mixed 

throughout. This diffusive power of gases is of great 

importance in the economy of the universe. Were it 

not for it we should have the different gases and 

vapours of the atmosphere arranging themselves on 

the earth's surface according to their respective 

weights. This diffusive power of hydrogen renders it 

impossible to keep it for any length of time in bladders, 

or the best constructed gasholders, and when mixed 

with air from any leakage it explodes when ignited. 
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Hydrogen is not a supporter of combustioa 
lighted taper be plunged into a jar of hydrogen 
extinguished ; the hydrogen bums only at the tc 
the jar, where it comes in contact with the oxygc 
the air. A jet of chlorine, oxygen, or air, 
however, bum in an atmosphere of hydrogen, 
drogen bums with a pale blue flame, without n 
light, but with intense heat. The temperature 
be increased by mixing hydrogen and oxyger 
the proportion of two volumes of the forme] 
one of the latter, and burning it from a safety 
This is called the oxyhydrogen blowpipe. It is be 
use two separate gasholders for this experiment. \^ 
hydrogen is mixed with common air or pure oxyg 
is highly explosive. Great care should therefon 
taken in preparing it to allow the first portions of 
to escape before applying a light. Soap-bubbles 
india-rubber balloons, blown with hydrogen by m 
of a common pipe attached to a bladder provided 
a stopcock to regulate the emission of the gas, rise ii 
air with considerable velocity. If a lighted tape 
applied to the bubble as it ascends, a slight explo 
takes place. If a mixture of one volume of oxygen 
two volumes of hydrogen be taken, and soap-bub 
blown on a small cheese-plate, so that a good hea 
bubbles is formed, and a light applied, the explosi( 
very violent. A small bladder filled with a mixture ir 
same proportion may be exploded by pricking a 
with a pin and applying a hght. If a jet of hydrc 
is burned in a dry glass jar, the sides become cov" 
with moisture, owing to the formation of water by 
union of the hydrogen with the oxygen of the air. 
a tube of glass, about one inch in diameter and 
feet long, be slowly passed downwards over a bur 
jet of hydrogen, a musical note is produced. 
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piece of spongy platinum be brought near a jet of 
hydrogen, it is at once kindled, and the platinum 
becomes red-hot. The hydrogen and atmospheric 
oxygen are so condensed in this experiment that they 
are brought within the sphere of attraction necessary 
for combination. The same takes place with a mix- 
ture of the two gases. 

The chemical relations of hydrogen assign to it the 
character of a metal, and many efforts have been made 
to establish its metaUic character, but all attempts to 
liquefy or solidify it by the usual modes have hitherto 
foiled. Professor Graham, of Her Majesty's Mint, 
however, has recently obtained an alloy of hydrogen 
and palladium, having a composition closely ap- 
proaching one atom each of the two elements.* " Hy- 
drogenium," as Prof. Graham calls the combined hy- 
drogen, ** acts in this case like a metal, and thus the 
opinion held by some scientific men, that hydrogen 
constitutes the vapour of a metal, receives confirmation. 
The sp. gr. of hydrogenium as contained in the alloy 
was found to be 1*95." The alloy was obtained by 
using a palladium pole for a galvanic water decom- 
poser, when the hydrogen was absorbed by the palla- 
dium instead of being given off. Palladium was found 
to absorb 900 times its bulk of hydrogen. 

Nascent Hydrogen. — When an elementary body 
is in the act of being liberated from a state of com- 
bination it is said to be in a nascent condition, and in 
this state the activity of its properties is greatly en- 
hanced, and it is in consequence more disposed to 
enter into fresh combinations than when it has become 
entirely free. To account for this phenomenon it may 
be assumed that the elementary atoms are liberated 

• C hf mica/ News f August 20, 1S69. 
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singly, but that they immediately combine witl 
other to form elementary molecules, in case n 
else be present with which they can combine. N 
hydrogen shows this enhanced power of combi 
in an eminent degree ; by virtue of this power 
as a reducing agent, — that is, it will combine wi 
thus remove the whold or a portion of the ox) 
chlorine, &c., which bodies contain, and thus it 
them to a lower state of combination. Many c 
this kind will be noticed in this work, for r 
hydrogen is a favourite reducing agent. The fol 
will serve at present as an illustration : — 

If hydrogen be passed through a solution o 
chloride, Fe^ClH, for any length of time, it will n 
its composition, for free hydrogen cannot 
FeaCle in solution; if, however, the hydro^ 
generated in the solution itself, the nascent hy 
combines with two chlorines, and thus reducei 
to ferrous chloride, thus : — 

Fe'^Clfl + 2HCI + Zn = ZnCU + 2Fe'Cl2 + 

Ferric Zincic Ferrous 

chloride. * chloride. chloride. 

Many important operations in the arts are dep 
upon this reducing action of nascent hydroge 
manufacture of aniline from nitrobenzol and 
with indigo are notable examples. 

Chlorine— CI2. 

Atomic weight and sp. gr. = 35*5. Molecular wei 
Molecular volume, normal. i litre weighs 35*5 
Atomicity, I. 

Occurrence in Nature.— This element 

abundantly diffused throughout nature. In cc 
tion with the metal sodium it forms common sal 
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chloride, NaCl). It is never found in nature in its free 
oruncombined state. It is often found among the gases 
evolved from volcanoes as hydrochloric acid, HCl. 

Preparation. — It is prepared by mixing, to the 
consistency of cream, strong hydrochloric acid and 
manganic oxide (black oxide of manganese). Care 
should be taken that every part is well mixed, so that 
no dry place appears inside the retort or flask, or 
fracture is most likely to result. A gentle heat should 
now be applied, when the gas comes over in abun- 
dance. It should be collected over warm water, as 
cold water absorbs about twice its volume ; or it may 
be collected by displacement (see p. 43). The re- 
action is easily understood : — 

(i.) MnOa + 4HCI = MnCl^ + 2OH2. 

Manganic chloride. 

This manganic chloride under the influence of heat 
decomposes, thus : — 

(2.) Mn^'Cl, = Mn'Cla + Ch. 

Manganons 
chloride. 

Instead of the above, a mixture of common salt, NaCl, 
sulphuric acid, and manganic oxide may be used ; the 
following reaction then occurs : — 

Mn02 + 2NaCl + 2S02Ho2=S02Mno" + SOaNaOj 

Sodic Manganous Sodic 

chloride. sulphate. sulphate. 

4- 2OH2 + CI2. 

This gas produces great irritation in the air passages 
even when breathed in small quantities, and should 
therefore be prepared in the open air, or in a well- 
ventilated room. 

Properties.— Chlorine is a yellowish green gas at 
ordinary temperatures, but under a pressure of 4 
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atmospheres at 15 '5** C. it is reduced to a limpid liqi 
having a sp. gr. of i*33. Chlorine can be obtaii 
in combination with every elementary body. 

Chlorine has little affinity for oxygen ; it combi 
readily, however, with hydrogen and the metals, 
lighted taper be immersed in a jar of the gas it bu 
with a dull red light, with an abundant evolution 
carbon, in the form of smoke. If a piece of blotti 
paper be soaked in turpentine, and placed in a jai 
chlorine, it bursts into flame. In both these ca 
the chlorine combines with the hydrogen to fc 
hydrochloric acid, to the exclusion of the carb 
which falls as soot — a very good illustration of 
superior affinity of chlorine for hydrogen. 

Phosphorus combines with chlorine spontaneou 
but the flame is very feeble. Copper leaf, powde 
antimony, and arsenic, all undergo spontaneous c< 
bustion in chlorine. If equal Volumes of hydroj 
and chlorine be introduced into a suitable apparai 
and an electric spark sent through the mixture, c< 
bination takes place with great violence. The dii 
rays of the sun or the approach of a lighted tapei 
the mouth of the vessel produce a similar union. T 
experiment is best performed by filling two cylind 
of equal capacity with hydrogen and chlorine resp 
tively, and then placing them mouth to mouth, 
inverting the jars once or twice the gases will beco 
thoroughly mixed, and the contents may be exploc 
in the manner described. The most remarkable j 
perty of this gas is its power of destroying orga 
colouring matters. A solution of indigo, which is 
aflected by strong sulphuric acid, is changed i 
a brown liquid by chlorine, to which the origi 
colour cannot be restored. In a perfectly dry st 
chlorine has no bleaching qualities. When in sc 
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tion. if it be poured into test-glasses containing in- 
/bsions of litmus, purple cabbage, turmeric, carmine, 
cochineal, &c., the colours of these substances will 
be removed. When bleaching is practised on a large 
scale a combination with lime is used, called dkac/iing 
powder. The outline of this process can be easily 
imitated. The bleaching powder is mixed with 
warm water and the solution filtered. Any piece of 
coloured calico may be taken, providing its tint is due 
to some organic colouring matter. It may then be 
washed in the filtered solution. The liquid bleaches 
but slightly ; but if it be removed from the bleaching 
bath, and rinsed in a bath of dilute sulphuric acid, and 
this process carried on a few times alternately, the 
whole of the colour is removed. The chlorine, when 
m combination with oxygen and calcium, is com- 
paratively inactive ; but when dipped in dilute acid 
the combination is broken up, and the chlorine in 
the presence of water is set free, and manifests its 
bleaching powers. An experiment illustrating this 
property may be performed in the following manner : 
—A piece of cotton, dyed with madder, or any organic 
colouring matter, may have any pattern or device 
stamped upon it, or painted with a mixture of gum and 
tartaric acid. The cloth is dried, and afterwards 
rinsed in a hot solution of bleaching powder. A white 
pattern on a coloure 1 ground is developed, in conse- 
quence of the acid mixed with the gum liberating the 
chlorine, and destroying the colour in those parts upon 
which the pattern was printed. The other parts of 
the cloth are not sensibly affected. 

The property of bleaching is due to the great affinity 
of chlorine for hydrogen ; it decomposes vegetable 
and animal substances, forming with them colourless 
compounds containing chlorine; in many cases the 
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bleaching effect is no doubt due to the liberation of 
oxygen from water, the presence of which is essential: — 

2OH2+ 2Cla=4HCl + O^ 

The nascent oxygen acts on the colouring matter, and 
forms a colourless compound with it 

Chlorine no doubt owes its potent disinfecting and 
deodorizing effects to the same properties. 

Hydrochloric Acid— HCl. 

Molecular wt. = 36*5. Molecular volume, normal. i litre 

weighs 18*25 criths. 

Preparation. — As already seen, this acid may be 
prepared by exploding a mixture of equal volumes of 
chlorine and hydrogen, no alteration of volume taking 
place : — 

H, + Cla = 2 HCl. 

Hydrochloric acid gas is commonly prepared by 
heating in a properly arranged fiask a mixture of com- 
mon salt, a little water, and sulphuric acid. It must 
be collected by displacement, or over mercury. A 
solution of this gas in water is the acid usually known 
as muriatic or hydrochloric acid. It may be prepared 
by mixing equal weights of common salt and sulphuric 
acid in a flask, and applying heat ; the gas, after being 
purified by passing it through a wash-bottle, is con- 
ducted from thence into distilled water, by which the 
gas is absorbed. The reaction is easily understood : — 

2NaCl 4- SOgHoa = 2 HCl 4- SOaNaoj. 

Sodic sulphate. 

This reaction only takes place when a high tempera- 
ture is employed. In a glass vessel the following 
takes place: — 
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NaCl + SO,Hoj = HCl + SO.HoNao. 

Sodic Sulphuric Hydrochloric Hydric-sodic 
chloride. acid. acid. sulphate. 

Hydrochloric acid is made on the large scale in iron 
retorts; the product is impure, containing ferric 
chloride, sodic chloride, arsenious chloride, sulphuric 
and sulphurous acids, and chlorine. This crude acid is 
called muriatic acid, or spirit of salt, and is largely used 
as a solvent for tin for the use of the dyer and calico- 
printer. Hydrochloric acid is also a large by-product 
in the manufacture of soda ash. 

Properties. — it is a colourless gas, fuming when 
in contact with the atmosphere, and is very soluble 
in water. At 15** C. water absorbs 458 times its bulk, 
and has then a sp. gr. of 1*21. The gas contains equal 
volumes of hydrogen and chlorine, which may be 
proved as follows : — 
{a) By Synthesis: i. One volume of hydrogen and 

one volume of chlorine exploded yield 2 volumes 

of hydrochloric acid. 
(^) By Analysis : 2. A volume of hydrochloric acid gas 

in which metallic potassium is made to burn is 

reduced to half its bulk, and the residue is 

hydrogen. 
3. Solution of HCl when decomposed by the galvanic 

current, after the lapse of some time, yields 

equal volumes of hydrogen and chlorine. 
By the action of metals, oxides, hydrates, &c., on 
hydrochloric acid, chlorides are obtained, thus : — 

Zn + 2 HCl = ZnCU + H2. 

CaO + 2HCI = CaCla + OH,. 

ONaH + HCl = NaCl + OH,. 
COCao" + 2HCI = CaCU + OH3 + CO.,. 
A mixture of hydrochloric and nitric acid is called 
aqtta regia. This substance is a powerful so\vtwx.. 
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Test for HCL— A solution of NO^Ago, added to ^ 
solution containing HCI, or a chloride, will give ^ 
white curdy precipitate, which is insoluble in NO^HOf 
but soluble in AmHo ; e, g.^ — 

NaCl + NO,Ago = AgCl + NO.Nao. 

Insoluble 
precipitate. , 
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Oxygen— O,. 

Atomic weight and sp. gr. = 16. Molecular weight, 32. 
Molecular volume, normal. I litre weighs 16 criths. Atomi* 
city, II. 

Oxygen gas was discovered by Priestley in 1774, 
who called it dephlogisticated air. It was also dis- 
covered about the same time by Scheele, a Swedish 
chemist, who called it empyreal air and vital air. The 
term oxygen was given to this gas by Lavoisier some 
time after its discovery. 

Occurrence in Nature.— This element is largely 
distributed throughout nature, both in the organic and 
inorganic kingdoms. It constitutes eight parts by 
weight in every nine of water, which covers three- 
fourths of the globe. One-third by weight of the solid 
crust of the globe is oxygen, as will be seen when we 
consider the vast quantities of silica, lime, and alumina 
of which it is composed. 

The atmosphere is composed by weight of 23 parts 
of oxygen, and 77 parts of nitrogen. By volume it 
contains about 79 parts of nitrogen, and 21 parts of 
oxygen. 

Jcreparation.— -Oxygen may be prepared in a 
variety of ways : — 



I. By exposing the red oxide of mercury to heat in 
Jsraali glass retort or haj-d glass test-tube. In this 
sibslance the affinity which holds the oxygen to the 
meicury is so feeble, that exposure to heat is sufficient 
io cause a separation into oxygen gas and metallic 
mercury. The mercury collects in small globules in 
!he cold part of the retort, and the oxygen passes over 
asagas:— 

zHgO = 2Hg + O.. 
The chief interest connected with this method is thai 
it was the one employed by Priestley : it is seldom 
adopted by chemists, as it is too expensive. The 
ccperiment here described is more instructive as an 
eicellent case of the resolution by simple means of 
a compound body into its constituents, than valuable 
as a source of oxygen. 

I. It may also be prepared by exposing manganic 
oiide (black oxide of nianganese),MnOj,toa red hear, 
in an iron bottle or retort : — 

3MiiO.= Mn,0. + 0j. 
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In this process one-third of the oxj-gen is obtaineiJ. 
This method is sometimes adopted when lai^e quan- 
tities of oxygen are required, but the oxygen is seldom 
pure. (See Fig. 4.) 

3. Oxygen may also be prepared by heating in a 
glass retort a mixture of manganic oxide and sulphuric 
acid. These materials should be well mixed, so that 
no dry place appcais in that part of the retort where 
the materials are placed. If this is not attended to, 
fracture of the retort is likely to take place. The 
decomposition is easily illustrated : — 

2MnO, + 2SO,Ho, =: aOH, + iSO.Mno" + O,. 

Maoganons sulphate. 

4. Oxygen is also prepared by 
the decomposition of water by 
voltaic electricity. (See Fig. 5.) 
This is interesting as determin- 
ing the composition of water, 
the hydrogen being liberated 
at the negative electrode, and 
the oxygen at the positive, in 
I the proportion of double the 
^volume of hydrogen to that <rf 
- oxygen, which is the proportion 
' 1 which these gases combine 
"•"i- Dy volume to form water. 

5. The usual method of jtreparing oxygen is by 
heating in a retort, or a large test-tube supported in a 
horizontal position, a mixture of equal parts of manganic 
oxide and potassic chlorate (chlorate of potash), which 
should be previously well dried in acapsule. (See.fi^.6.) 
The manganic oxide in this case undergoes no change, 
but the gas is given off at a much lower temperature 
than when the chlorate is used alone. In the pre- 
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Fig. 6. 

paration of gases the first part is a mixture of air, and 
should always be allowed to escape. Potassic chlorate 
is composed of i atom of potassium, i of chlorine, 
and 3 of oxygen ; on the application of heat the whole 
of the oxygen is given off : — 

2 Ig^^Q = 2KCI+ 3O,. 
Potassic chlorate. 

6: Oxygen can be obtained by heating a mixture of 
potassic bichromate and sulphuric acid in a retort or 
flask: — 

I CrOjKo 

2\ O +8S02Ho2=2S02Ko2 + 2S30e(Cr206r^ 

I Cr02Ko Chromic sulphate. 

+ 8OH2 + 3O2. 

7. If a mixture of steam and chlorine be passed 
through a red-hot porcelain tube, the chlorine unites 
with the hydrogen of the water, and oxygen is liberated, 
thus: — 

2OH2 + 2a2=:4HCl + O2. 

8. Oxygen can be produced on a large scale by 
dropping sulphuric acid into a red-hot platinum. 
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or porcelain tube ; the sulphuric acid molecule i^ 
broken up by the intense heat as under : — 

2SO.,Hoo=: 2SO0 + 2OH., + O^ 

The sulphurous anhydride is absorbed by suitable 
means, and the oxygen passed into a gasholder. 

Many other processes for making oxygen have from 
time to time been proposed, but as yet they have no 
importance. 

Oxygen is liberated on the grand scale in nature by 
the decomposition, through the agency of sunlight, of 
carbonic anhydride by the green leaves of plants : — 

CO2 = C + O2. 

Properties. — Oxygen at all observed temperatures 
is a transparent, colourless, inodorous, and tasteless 
gas. It is not combustible — that is, it will not bum, 
— but it is a powerful supporter of the burning of 
other bodies. It has no acid nor alkaline reaction, 
although it enters into the composition of all oxygen 
acids and alkalies. Bodies which bum in air, burn 
with increased brilliancy in pure oxygen. A strip of 
wood, if only a spark remain, is instantly rekindled 
if plunged into a jar of this gas. Small iron wire 
(binding wire is the best for the purpose) twisted 
into a spiral like a corkscrew, with the end dipped 
in sulphur, and ignited, burns with beautiful little 

sparks. (See Fig. 7.) Phosphorus 
burns with a white light of great 
brilliancy; sulphur, with a fine 
blue light; and charcoal bums 
with brilliant scintillations. In 
all these cases of combustion the 
products are oxides of the burning 
bodies. When iron wire is bumed, 
the product is magnetic oxide, 
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fejO^ : the burning phosphorus produces phosphoric 
anhydride, P2O5, in solid white flakes, which dissolve 
in the water: sulphurous anhydride gas, SOg, is 
produced from the sulphur, and carbonic anhydride 
gas, COg, from the burning charcoal. Both the SO2 
and the CO2 dissolve partly in the water. In all 
these cases chemical combination takes place between 
the oxygen and the burning body; and the increase in 
weight of the body is exactly the same as the weight of 
oxygen consumed. All the common cases of com- 
bustion which take place in air give precisely the 
same result as those which take place in oxygen. 
The action in pure oxygen is more energetic, owing to 
the absence of nitrogen. In the atmosphere these 
changes take place in a more subdued manner. The 
respiration of animals is, in eflect, the same as com- 
mon combustion. The substances in the blood burn 
away slowly by the aid of the oxygen introduced into 
the system. An ounce of iron rusting in the air pro- 
duces just the same amount of heat as if it had been 
burnt like the wire in oxygen. This slow combustion, 
unattended by light, often extends over several years, 
while the same result could be produced by pure 
oxygen (assisted at first by heat) in a few seconds. 

The decay of animal and vegetable substances is a 
process of slow oxidation. The offensive impurities 
of the air and water are destroyed in a great degree by 
a slow process of burning. The lungs of land animals, 
and the gills of fish, are adapted to absorb oxygen, 
the animal from the air, and the fish from the dis- 
solved oxygen of the water. An animal confined in 
a given bulk of air dies as soon as the oxygen is 
consumed ; but if confined in the same bulk of 
oxygen, the circulation quickens, and fever and death 
are the results, — not, however, as in the previous e?5J$»^^ 
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from deprivation of oxygen, but from an excess of 
that body, causing the animal to live too quukly. 
Such is a brief outline of the relation of oxygen to 
animal life Its action seems destructive, yet it is 
the sustainer of life, the mainspring of all vital action. 
Oxygen may be distinguished from every other gas, 
except nitrous oxide, by plunging into it a taper 
which has just been blown out ; if the smallest part 
is incandescent it immediately bursts into flame. 
Oxygen gives red fumes when mixed with nitric oxide, 
which nitrous oxide does not. 

Ozone — ^AUotropic Oxygen — O3. 

Molecular weight, 48. Molecular volume, normal. i litre 

weighs 24 criths. 

This remarkable gas has been the subject of many 
researches, especially by Schonbein, of Basle, who 
gave it the name it bears (from o^w, I smell), on 
account of its peculiar odour. 

Preparation.— i. if a clean piece of phosphorus 
be suspended in a bottle filled with moist air, the 
oxygen in the air is quickly converted into ozone, 
which may be recognised by the starch test described 
below. 

2. By acting on potassic permanganate with strong 
sulphuric acid, oxygen is given off in the form of 
ozone. 

3. The oxygen liberated from water by galvanic 
decomposition is partly in the form of ozone. 

4. Oxygen is partially converted into ozone when it 
is passed through a tube containing platinum ter- 
minals, between which there is an electric brush pro- 
duced by means of an induction coil. 

Ozone is also produced by the oxidation of ether, 
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03 of turpentine, and other essential oilt^, utt^l 
Siemens has prepared it by electric induction, 'J h*- 
whole of the oxygen cannot, by any known pr'>'*:«>^, 
be converted into ozone. 

Properties. — When heated, ozone in tranKfomi*^'! 
into ordinary oxygen with increase of its voluo)*:, I » 
possesses bleaching and disinfecting j^ro|>«rrti<t;«, aii'l 
hence probably performs useful service m the c^jmotny 
of Dature, as it is supposed to exist in the a^imcmyhftf-, 
It is an extremely powerful oxidizing agent j il ' or 
rodes cork, and rapidly oxidizes iron, a/|/pa', att^i 
even silver and mercury. It is 2ihsf)r)H^\ hy th^r 
essences of turpentine and cinnamon, Wh<rri it ofl 
(lizes a substance, it does not diminish in bulk ; ttnt^ 
is probably to be accounted for by assuming that ottly 
one of the atoms in the molecule of ozone, O^ ij^ 
employed in oxidizing, and the other two remain t/> 
form a molecule of ordinary oxygen, which wIllo^f^Mpy 
the same bulk as the ozone itself; thus, — 

Agg + 03= OAg, -f O^ 

One mole- (Hm nuAif 

cule ozone. cule oxya^tith 

Test. — ^A strip of paper moistened with a mixture 
of starch paste and solution of potassic iodide ii 
tu|ned blue by ozone (see test for iodine) : — 

2KI + OH, -f 03=2KHo + I, -f O^ 

The blue substance is a compound of iodine and 
starch. This test is far from bemg a satisfactory one, 
as the paper is turned blue by other substances, 
especially by certain oxides of nitrogen, which very 
probably exist in the air in minute quantities : hence 
the existence of ozone in the air is at the best 
problemadcaL 
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Water-OHj. 

[Molecular weight =i8. Molecular volume, normal, i litre C^^ 
water vapour weighs 9 criths. Boils at icx)* C. 

The composition of water was first discovered by 
Mr. Cavendish, but its exact composition by weight 
and volume has occupied the attention of chemists for 
some years. There are two methods of determining 
the composition of any compound body : these are 
analysis^ by which the compound is resolved into its 
constituents ; and synthesis^ by which the elements or 
constituents are made to unite to produce the com- 
pound. Both these methods have been brought to 
bear on the determination of the proportions of 
oxygen and hydrogen in water. 

Analysis. — The most elegant illustration of the 
analysis of water is its decomposition by voltaic elec- 
tricity (see p. 66). This experiment proves that water 
is composed of two volumes of hydrogen united to 
one volume of oxygen. Methods i, 2, and 6, for pre- 
paring hydrogen, are also processes for determining 
the composition of water by analysis. 

Synthesis. — When a mixture of exactly two 
volumes of hydrogen and one volume of oxygen is 
exploded in a strong glass tube standing over mercury, 
the whole of the mixture becomes water, whereas any 
])roportions varying from these leave an excess of 
oxygen or hydrogen, as the case may be. The follow- 
ing is another synthetical mode : — Dry hydrogen is 
passed through a red-hot tube containing dry cupric 
oxide; the water vapour produced is carefully con- 
densed and weighed ; the cupric oxide is also weighed, 
both before and after the operation : the loss of weight 
of the cupric oxide is always found to be in proportion 
to the weight of water obtained, as 8 : 9 ; — 
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2CU0 + 2H2 = CU2 + 2OH2. 

In this equation the loss of weight of 2CuO =32, 
and amount of water formed = 36 ; and — 

As 32 : 36 :: 16 : 18; 

Oxygen. Water. Oxygen. Water. 

therefore, every sixteen parts by weight of oxygen 
unite with two parts by weight of hydrogen to form 
eighteen parts by weight of water. 

Properties. — Water, when pure, is colourless, ex- 
cept wnen viewed in a large mass, when it appears 
ofa beautiful blue colour. It is inodorous, tasteless, 
and transparent. It attains its maximum density at 
4°C. ; it boils under ordinary atmospheric pressure at 
100^ It evaporates at all temperatures. It is 815 
times heavier than air; an imperial gallon weighs 
10 lbs. avoirdupois. A cubic metre of distilled water 
at4"C. weighs 1,000 kilogrammes, and a litre weighs 
1,000 grammes: It is compressible in a very slight 
degree. The specific gravity of water vapour, when 
compared with hydrogen at the same temperature and 

• 2 + t6 

pressure, is = 9. 

2 

Water never occurs in nature perfectly pure. Fil- 
tration through sand will remove suspended impurities, 
and distillation will free the liquid from those dissolved. 
The solvent properties of water are far greater than 
those of any other liquid. Many salts are soluble in 
water, the solubility increasing with an increase of 
temperature, and the solution deposits crystals as it 
cools. Common salt and some of the salts of calcium 
are, however, exceptions to this general rule. (Seep. 45.) 

Water dissolves most of the gases, although in very 
unequal quantities. Hydrogen, oxygen, and common 
air are absorbed to a small extent, while ammonia and 
hydrochloric acid gases are dissolved to a very great 
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extent ; between these extremes we have sulphuiett^ 
hydrogen, chlorine, carbonic anhydride, and manyotb 
gases. The colder the water, the more gas is dissolve^ 
and on boiling they are partly or wholly Hberated. 
In addition to the formation of water by dir* 
combination of hydrogen and oxygen, it is libera' 
as a secondary product in many chemical reactio 
thus we have already alluded to the eliminatioi 
water when a base is acted on by an acid, e.g,^ — 

CaHog -f SO2H02 = SOgCao" + 2OH2. 

Water plays a very important part in many chem 
reactions: thus it transforms anhydrides into acids 

SO2 + OH2 = SOHog. 

Sulphurous Sulphurous 

anhydride. acid. 

P2O + 3OH2 = 2POHO3. 

Phosphoric Phosphoric 

anhydride. acid. 

It also converts metallic oxides into hydrates, ai 
the slaking of lime and baryta, and it enters 
molecular combination with many salts as wate 
crystallization, to which allusion has already I 
made. 

NATURAL WATERS. 

Rain water contains air and the gaseous ir 
rities of the atmosphere through which it has falle 

Spring water varies with the composition of 
strata through which it has passed. Its commo 
impurities are calcic and magnesic carbonates 
sulphates, and sodic and potassic chlorides. Sp 
water is said to be calcareous when it contains a 
siderable amount of calcic salts, and mimral \s 
sufficient inorganic materials are present to gi> 
a taste. It is called chalybeate when containing 
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upounds, effervescent when it evolves gas freely, 
pkureous when it contains sulphuretted hydrogen 

% solution, and salifie when considerable quantities of 

ftlts are held in solution, such as magnesic and sodic 

niphates. 

Eiver water is frequently contaminated with town 
icwage, manure drainage from land, vegetable matter 
in solution, and numerous impurities in suspension. 
It is therefore not so well fitted for domestic purposes 
as spring water, as organic matter is much more detri 
mental to health than mineral matter. The kind of 
organic impurity is of more importance than the quan- 
tity, as decomposing animal matters are more likely 
to be prejudicial to health than vegetable substances. 

Sea water contains a variety of salts in solution, 
sodic chloride being the principal one. Magnesic 
chloride, sulphate, and bromide, and calcic carbonate 
and sulphate are also present, and traces of iodine 
and ammonia. 

Water for domestic purposes should be bright 

and clear, and as free as possible from organic impuri- 
ties. It should not destroy the colour imparted to it 
by adding a few drops of Condfs fluids nor should it 
leave much residue when a quart of it is evaporated to 
dryness in a small porcelain dish; the dry residue should 
not give off red fumes or the smell of burning hair when 
heated to redness. The water should have no taste, 
and should give a lather pretty readily with soap. 
"We are at present very much in the dark with 
regard to the sanitary aspect of the amount of solids 
existing in water. Whether a water having an excep- 
tionally small amount of solid contents is specially 
salubrious remains to be ascertained. A very large 
quantity of mixed matter is certainly unwholesome. 
To take an txtreme case, sea water is absoluVtV^ yvqyv- 
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potable. But whether the 21 grains per gallo 
in London water, and whether double that amount 
would do the smallest damage to the health of person 
who should drink such water, is an open question." ' 
Water is freed from dissolved organic impurities b^ 
using animal charcoal for the filter. 

Hardness and Softness— These terms ar< 

applied to water according as it produces a lathe 
with difficulty or easily with soap. The hardnes: 
arises from the presence of calcic and magnesi* 
salts, which destroy the soap, and it is always esti 
mated in the degrees of Dr. Clark, as given below 
the number of grains of calcic carbonate, or its equi 
valent of other calcic or magnesic salts, giving th 
number of degrees of hardness : thus Thames wate 
above London contains 15 grains of calcic carbonat 
per gallon ; it is therefore of 1 5 degrees of hardness. 
The degree of hardness is ascertained by means c 
Dr. Clark's soap test, which is made by dissolvin 
curd soap in rectified spirit, and making it of sue 
a strength that 32 decems (a decem= 10 water grains 
will produce a lather when added to 1,000 grains (10 
decerns) of water, prepared by dissolving 16 grains c 
calcic carbonatef in a gallon of distilled water. An 
sample of water is tested by pouring the soap solutio 
from a decem burette into a bottle containing 1,00 
grains of the water to be tested, shaking the bottl 
from time to time, and continuing to add the soa 
solution until a lather is at last obtained, which r< 
mains unbroken all over the surface of the water fc 

* Wanklyn and Chapman on "Water Analysis." 
t 27*5 grains of calcic sulphate (crystallized gypsum) may I 
substituted with advantage. If the carbonate be used it mu; 
first be dissolved in a flask with pure hydrochloric acid, au 
the solution then evaporated cautiously to dryness. 
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five minutes. The degree of hardness is then calcu- 
ated by Dr. Clark 's table as under : — 

Diflferences as f(jr 
Degree of -Soap test decern the next degree 

hardness. measures required. 

. . 1*4 

1 . . 3*2 

2 . . 5*4 

3 • • 7*6 

4 . . 9'6 

6 . . 13-6 

7 . . 15-6 

8 . . 175 

9 . • 19*4 

10 . . 21*3 

11 . . 23-1 

12 . . 24*9 

13 . . 267 

14 . . 285 

15 • • 30'3 

16 . . 32 

Thus a sample of water, of which 1,000 grains require 
1 5 6 decerns of the solution of soap to be added 
before a lather is formed, is of 7 degrees of hardness. 
Water which exhibits 7 or more degrees of hardness 
is said to be /iard water ; if below 7 degrees it is 
regarded as soft water. Water which is over 16 degrees 
of hardness is too hard for ordinary purposes. 

Calcic and magnesic carbonates are almost in- 
soluble in pure water, but they are freely dissolved by 
carbonic acid, which is usually contained in water. 
These carbonates give hardness to water, but they 
may be removed in a great measure by boiling the 
water, or by adding lime to it ; thus, — 



of hardness. 
1-8 


22 


2*2 


20 


20 


2-0 


2-0 


19 

1-9 
1*9 
1-8 
1-8 
1-8 
1-8 
1-8 


17 
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COCao'' + COHo, -f CaHoa = 2COCao'' + 20Hr 

Calcic Carbonic Calcic Calcic 

carbonate. acid. hydrate. carbonate. Water- 

The calcic carbonate already dissolved in the water, 
together with that formed by the action of the lime, 
on the dissolved carbonic acid, separate from the 
water and deposit. As calcic carbonate is therefore 
removeable, the hardness of the water containing it 
is said to be temporary. Water, however, which is 
rendered hard by having calcic sulphate in solution, 
is said to be permanently hard, as the calcium salt 
cannot be removed without introducing other objec- 
tionable substances. 

Hydroxyl^-HaOa, or (H0)„ or H02, or{ gJJ. 

Hydric peroxide, binoxide of hydrogen, oxygenated water. 

This substance has attracted considerable attention 
recently on theoretical grounds, inasmuch as it is be- 
lieved to be contained in a vast number of compounds, 
and to play a very important part in their constitution; 
and in the chemical changes which they undergo. 

It differs from water by having a second atom o 
oxygen in its molecule ; this difference will be best seer 
from the graphic formulae of the two molecules : — 





Molecule of water. Molecule of hydroxyl. 

Water may, therefore, with propriety be called hydrox 
ylic hydride, and the molecule of hydroxyl, hydroxylii 
hydroxide. 

The molecule of hydroxyl is made up of two atom 

of the monad compound radical Ho', (§)"{0)- 
and these compound atoms are found to be present ii 



] 
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afl oxy-acids, hydrates, acid salts, and in multitudes of 
other compounds. For numerous examples of its 
occurrence the student is referred to the table of salts, 

Preparation. — Hydroxyl is somewhat difficult to 
make; the following axe the processes usually em- 
ployed : — 

1. Baric peroxide is suspended in ice-cold water, 
and carbonic anhydride is passed through the water 
for some time ; the containing vessel should be sur- 
rounded by ice. The hydroxyl is produced by the 
Mowing reaction : — 

gBa" + CO, + OH, = COBao" + { g J{. 

Baric Carbonic Baric H dro 1 

peroxide, anhydride. carbonate. ^ ^ * 

2. Baric peroxide is dissolved in hydrochloric acid, 
carefully cooled by ice : — 

gBa" + 2HC1 = BaCl, + { gg. 

The barium is precipitated by cautiously adding sul- 
phuric acid : — 

BaCl« + SOjHo, = SO^Bao" -f 2HCI. 

The chlorine of the hydrochloric acid is then removed 
by adding solution of argentic sulphate : — 

SOjAgOj + 2HCI rrSOjHOa + 2AgCl. 

And, lastly, the sulphuric acid is precipitated by the 
addition of baryta water : — 

SO2H02 + BaHo., = SO^Bao" + 2OH2. 

In all the above stages the insoluble precipitates will 
require to be filtered off; the last fluid will contain 
nothing but hydroxjl and water, the latter of wKich 



{ 
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may be removed by placing it under an air-pump, anu 
continuously exhausting until the fluid has acquired 
the sp. gr. of 1*45. 

Propsrties. — It is a colourless, transparent, odouf' 
less, syrupy liquid, possessing powerful bleaching pro- 
perties. It is very prone to decomposition : it effer- 
vesces with the least elevation of temperature, giving 
off oxygen gas : when raised to 100° it explodes. It 
is freely soluble in water, and in this state is not so 
liable to decompose. It has powerful oxidizing pro- 
l)erties. It converts plumbic sulphide, PbS, into 
plumbic sulphate, S02Pbo", which property is turned 
to account in the restoration of oil paintings which 
have become blackened by the conversion of the lead 
into sulphide. Its most remarkable property is its 
power to reduce argentic oxide to the metallic state:— 

{ OH + ^^^' = ^^' + O2 + Ag2. 
This peculiar reaction gives considerable support t< 
the assumption that elementary bodies, when free 
consist of molecules in which two atoms are combinec 
(See Molecules, p. 8.) 

Oxides and Oxy-acids of Chlorine. 

These compounds can only be obtained by indire( 
means. 

There are three oxides known, — 
Hypochlorous anhydride 

Chlorous anhydride 



Chloric peroxide 
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And four oxy-acids, — 

Hypochlorous acid 
Chlorous acid 

Chloric acid 

Perchloric acid 

' OHo 

Hypochlorous anhydride, OCU, is prepared by 
passing dry chlorine through a tube containing mer- 
curic oxide, produced by precipitation and subsequent 
exposure to a strong heat It is a pale yellow gas, 
having a peculiar odour distinct from that of chlorine. 

(HgCl 
2HgO + 2CI2 = •{ O + OCL. 

I HgCl 

Mercuric Mercuric 

oxide. oxychloride. 

The gas is decomposed by water, forming hypo- 
iUorous acid^ CI Ho, which jdelds hypochlorites when 
acted on by metallic oxides or hydrates, thus : — 

ONaH -I- ClHo = ClNao + QHg. 

Sodic Hypochlorous Sodic 

hydrate. acid. hypochlorite. 

The substance called bleaching powder was formerly 
thought to be a mixture of calcic chloride and calcic 
lypochlorite ; it does not appear, however, to contain 
^Icic chloride. It is made by passing chlorine gas 
Dto a low room, on the floor of which a layer of lime 
s placed, until no more gas is absorbed. The reaction 
eems to be as follows : — 

CaHog + CI2 = Ca(OCl)Ci + OH2. 

Calcic Calcic 

hydrate. chloro-hypochlorite. 

G 
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The calcic dilaro-bjpodilofite is known in com- 
merce under the names of bUackh^ fowder and 
chhride of time Acids fibeiate free dikmne from it, 
thus: — 

Ca(oa>a + 2Ha = Caci^ + oh^ + ci^. 

Chlorons anhydride, S O , is prepared by heat- 

ing in a flask a mixture of potassic chlorate, arsenious 
acidf and nitric acid The flask must be filled to the 
neck and heated in a water bath. The reaction is 
somewhat complicated. Chlorous anhydride is a 
greenish yellow gas, which liquefies with extreme cold. 
It is decomposed by water, forming chlorous acid^ 
OClHo, a greenish yellow liquid, having strong 
bleaching and oxidizing properties. With bases it 
forms chlorites. 

rOCl 

Chloric peroxide, < o ' ^^ ™^^^ ^^ ^^^ ^"" 

I OCi 

tiously heating in a small glass retort a mixture of 
powdered potassic chlorate and sulphuric acid made 
mto a paste. The retort is placed in warm water. 
l*he evolved gas explodes with great violence at a 
temperature below that of boiling water, and its pre- 
paration is always attended with danger. Chloric 
peroxide is a gas having a powerful odour, different from 
the preceding compounds ; — 

( OCl ( ^^^ 

3 Jnlcl + 2SO,IIo,= ] O + 280,KoHo + OH, + J ^ 

PotnHMic Potassic Hydric-potassic Chloric 

chlurato. perchlorate, sulphate. peroxide. 
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ric acid, | QHq* ^^ obtained by adding 

ilphuric acid to a solution of baric chlorate 
as a precipitate separates. The solution con- 
loiic acid : it must not be filtered, but allowed 
y and the liquid decanted firom the insoluble 
Iphate : — 

1 

►" -f SO2H02 = 2 I gg^ + SOgBao". 

Chloric acid. Baric sulphate. 
>rate. 

liquid may be concentrated by cautious eva- 
i. It is then a syrupy fluid, having extremely 
1 oxidizing properties. It is readily decom 

rates may be made by passing chlorine gas 
a solution of a hydrate : thus calcic chlorate 
by passing chlorine through boiling milk of 

/OCl 
aHo^ + 6CI2 = < Cao" -f sCaCl, -f 60H,. 

: hydrate. Q Calcic chloride. 

VQCl 

Calcic 
chlorate. 

jsic chlorate is obtained by the addition of 
: chloride to the above solution of calcic 
i. The potassic chlorate is separated from 
:ic chloride by crystallization. 



roci 

^o ■ 

(.OKo 
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(OCl 
Perchloric acid, ^ O .is prepared by distilling 

I OHo 
potassic perchlorate with sulphuric acid : — 

(OCl 

+ SOjHo, = 2^0 + SO,K(v 

(QHo 

Potassic Perchloric 

perchlorate. acid. 

Pure perchloric acid is a colourless liquid ; it sooi 
becomes coloured, and after a few weeks decompose 
with explosion. When brought in contact wit 
charcoal or other organic substances it explodes wit 
fearful violence. It should therefore only be ma<] 
in small quantities, and then cautiously. 

Potassic perchlorate is made by heating potass 
chlorate until one-third of the oxygen has come of 
the substance then consists of a mixture of potass 
chloride and perchlorate, which may be separated 1 
crystalHzation : — 

Potassic Potassic Potassic 

chlorate. chloride. perchlorate. 

Triad Elements. 

Boron— B,. 

Atomic weight, 1 1. Probable molecular weight, 22. 

Atomicity, III. 

Occurrence ia Nature.— Boron is found as ; 

impure borate in the substance called tincal^ fix: 
which borax is manufactured. Certain jets of stes 
which issue from the earth in Tuscany contain bo: 
:\cid. Boron is only found in combination. 
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paration. — Like oxygen, boron is capable of 
Dg more forms than one ; it can be obtained 
e allotropic forms : — 

orphous boron is obtained by heating boric 
ide with sodium : — 

BsOa + 3Na2 = 30Na, + B,. 

brownish powder ; heated in air it burns to 

nhydride. 

phitoid boron is got when boric chloride is 

over fused aluminium : — 

Ala + 2BCI8 = ALC1« + B^ 

allizes in thin opaque six-sided plates. 

nond boron is made by fusing boric anhy- 

ith sduminium : — 

AI2 + ROa = ALOa + B2. 

^stals are in square octahedrons, of a brownish 
and exceedingly hard, as they will scratch the 
Sp. gr., 2*68. 

ic anhydride, B2O3, is obtained by fusing 
cid at a red heat : — 

2BH08 = B2O3 + sOH^ 

hydride is a glassy-looking substance. 
ic acid, BH03 (boracic acid), is most readily 
d by adding hydrochloric acid to a hot solution 
v: as the liquid cools the boric acid separates 
tiful crystals. When cold the liquid may be 
»d, and the crystals slightly washed with cold 

Jaoj + 2HCI + sOHa = 4BH03 + 2NaCl. 

K. Boric acid. 

aising a solution of boric acid to 100^ C. it is 
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converted into metaboric acid, BOHo, with loss of 
molecule of water. 

Boric chloride, BCli,ispreparedby exposing to tb 
action of dry chlorine at a very high temperature anil 
timate mixture of fused boric anhydride and charcoal:- 

RO, + 3CU + Q = 2BCI3 + 3C'0. 

Boric Boric Carbonic 

anhydride. chloride. oxide. 

Borax, BiOjNao^ is an abnormal sodic borate ; 
is employed for soldering metals, forming the glazes i 
porcelain, and as a flux for examining metallic co 
pounds before the blowpipe. A loop made of platini 
wire is strongly heated and dipped into borax powd< 
a series of experiments can now be made. A salt 
manganese heated in the outer flame of the blowpi] 
with the borax on the wire, gives a violet-coloui 
bead ; cobalt, blue ; chromium, green. 

Boron, when heated, will bum in nitrogen g 
forming therewith boric nitride, BN. 

Tetrad Elements. 

Carbon— C. 

Atomic weight, 12. Atomicity, IV. (sometimes reduced to I 

Occurrence in Nature.— This element, in c 

state or another, has been known from the earli 
time. It occurs in nature as the diamond^ a 
graphite or black-lead. Charcoal^ coke, bone-blacky sc 
and lamp-black are artificial varieties of carlx 
In combination with oxygen as carbonic anhydri< 
COt, it exists in the atmosphere, and is often fou 
dissolved in spring water. Its acid, in union w 
calcium, magnesium, &c., as carbonates, forms roc 
which constitute a considerable portion of the cr 
of the globe. In combination with hydrogen, oxygi 
and nitrogen, it enters largely into the compositi 
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inimal and vegetable substances. Coal consists 
of carbon, — and some varieties, as anthracite, 
entirely of it. 

paration and Properties.— Charcoal is ob- 

Dy exposing animal or vegetable substances to 
ion of heat, carefully excluding the atmosphere 

the operation. This process is now usually 
ned in large iron retorts, somewhat similar to 
vhich are used for making coal gas. The specific 

of the charcoal varies with the wood from 
it is manufactured. 

rcoal is very combustible, and is extensively 
Q the Continent for fuel. When perfectly pure 
is without flame. It is a very indestructible 
ichangeable substance. Wooden piles driven 
e earth- are usually charred to prevent decay. 
)al has the power of condensing in its pores 
nt gases. It has been found to absorb 90 times 
Ik of ammonia, 55 of sulphuretted hydrogen, 
carbonic anhydride, and 9^^ of oxygen. The 
ed gases are condensed within the pores of the 
al, and those which are combustible are burnt 

the oxygen which is also present. In this 
r charcoal acts as an oxidizer, and it is in virtue 

property that it is a deodorizer. Charcoal 
newly prepared restores meat slightly tainted, 
by being boiled with it or rubbed over it. It 
emoVes all offensive odours. Rats buried in 
red charcoal yielded no unpleasant effluvia 
opened after three months. Water is purified 
sing it through filters constructed of layers of 
al and sand. Black crayons are made from the 
al of the willow. The charcoal used in the 
icture of gunpowder is made from dogwood 
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Ivory and bone black are varieties of charcoal 
which result from the heating of bones in a retort till 
all the volatile products are evolved. This bc»^ 
black, however, only contains about lo per cent, of 
carbon. The remainder is chiefly calcic phosphate 
and carbonate. Ivory-black is used as ink in printing 
from copper and steel engravings. The preparation 
of bone-black is now an important branch of chemical 
manufacture, as it is largely used in sugar-reflning, 
owing to its bleaching or decolourizing properties. 

Lamp-black results from the imperfect combustion 
of tar, oil, or resin. The greater part of the carbon 
is carried off in a state of finely divided powder. 
When these particles come in contact with a cold 
body they form a deposit of carbon, which may be 
scraped off. This forms the lamp-black of commerce. 
The operation is performed with a limited supply 
of air in a high chimney, containing a number of 
))lates, upon which the lamp-black collects like soot 
in our own chimneys. 

Plumbago or black-lead was formerly thought to be 
a carbide of iron ; it is, however little else but 
carbon. Lead is never present in black-lead. Plum- 
bago is used for the manufacture of pencils. That 
of Borrowdale in Cumberland was the best in the 
world, but the vein is now exhausted. Most of the 
ordinary pencils are manufactured from a paste 
made of powdered plumbago, crude antimony, ^nd 
sulphur. 

Diamonds are carbon in a crystallized state. They 
were formerly obtained in India and the island of 
Borneo, but for the last hundred years they have been 
brought from Brazil. If a diamond be burned in 
oxygen, the sole result is carbonic anhydride, the 
same as if a piece of charcoal had been burnt. 
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diamonds of moderate size, and the same 
^, the value is estimated in this manner : — The 
is given in carats. These carats are subdivided 
lives, quarters, eighths, sixteenths, and thirty- 
parts. If four diamonds weigh i, 2, 3, and 
Lts each, their respective value will be as 
, and 16; their value is in the ratio of the 
of their respective weights. The Koh-i-Noor 
i 186 carats; since it has been recut it weighs 
arats. 

on, like boron, assumes three allotropic forms ; in 
&cial varieties, such as charcoal and lamp-black, 
2 amorphous carbon. Black-lead^ or graphite^ 
; sometimes called, is a crystallized form of 
the crystals being six-sided plates belonging 
rhombohedral system. Gas carbon^ a very 
►rm of this variety of carbon, is deposited in 
test part of gas retorts, and results from the 
decomposition of the coal gas when the retorts 
de too hot; it forms the carbon element in 
's form of galvanic battery. Graphite is also 
the constituents of cast iron. The other crys- 
form of carbon is the diamond^ the crystals of 
elong to the regular system ; carbon is therefore 
hous^ — that is, it assumes two crystalline forms. 

POUNDS OF CARBON AND OXYGEN. 

e are two well-known compounds of oxygen 
bon — carbonic anhydride and carbonic oxide. 
Wnic anhydride, CO,, is an important con- 
of the atmosphere, of which it forms tAtt of 
in the open country ; it is also present in all 
mter ; it is evolved from volcanoes, and is a 
t product of respiration. It is the dreaded 
imp of the miner, Fermentmg l\c\juds^ 
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decaying animal and vegetable substances, and tl>^ 
combustion of coal, wood, and gas, are continti^ 
sources of carbonic anhydride. 

The acid corresponding to CO2 has the composition 
COH02, but it has never yet been isolated, on account 
of its decomposition into OH, and CO^ Its salts, 
however, are well known, and are called carbonates; 
thus we have the two sodic carbonates, CONao, and 
COHoNao, and calcic carbonate, COCao". 

Preparation. — Carbonic anhydride may be pre- 
pared synthetically by burning carbon in oxygen, or 
analytically by decomposing a carbonate. When 
carbon is burnt in oxygen no change of volume takes ; 
place, although there is an increase of weight; for 1 
one volume of hypothetical carbon vapour unites with 
two volumes of oxygen, yielding two volumes of car- 
bonic anhydride : the sp. gr. of the gas will therefore 

be ^ := 22 ; that is, one volume of this gas 

weighs 22 times as much as the same volume ot 
hydrogen. 

Any carbonate yields carbonic acid when treated 
with any of the stronger acids. We use for this pur- 
pose hydrochloric acid and pieces of marble (calcic 
carbonate). The decomposition is as follows : — 

COCao" -h 2HCI = CaCl, + OH2 + CO,. 

Calcic carbonate. Calcic chloride. 

Properties. — At the ordinary temperature and 
pressure it is a transparent and colourless gas, having 
a slightly acid taste and smell ; under a pressure of 
about sixty atmospheres it may be liquefied. 

Carbonic anhydride is heavier than common air ; 
it may be poured from one vessel to another. A soap- 
bubble of atmospheric air will float on the surface of 
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• of carbonic anhydride. It is not a supporter of 
3ustion or respiration, nor is it combustible, 
ed potassium or sodium, or previously ignited 
esium, will, however, bum in carbonic anhydride, 
irbon being deposited as a black mass : — 

3CO, + 2K2 = 2COK02 + C. 

tnguishes flame, — not for the same reason as nitro- 
)y excluding oxygen ; for if we mix one volume 
ygen with four of carbonic anhydride, it does 
upport combustion, although the quantity of 
n is as great as in common air. If a living 
,1 be immersed in an atmosphere of nitrogen, it 
le same as if it were immersed in water. The 
en kills by suffocation ; carbonic anhydride kills 
isoning : all the other conditions of life may be 
It, but the inhalation of this gas produces 
In winter, on the Continent, people bum char- 
in braziers, — a most unhealthy and dangerous 
ce where there is not a proper exit for the car- 
anhydride- produced. 

solution of carbonic anhydride reddens litmus, 
►nic acid is a dibasic acid, giving rise to two 
s of salts, in one of which half the hydrogen of 
dd, and in the other the whole of it, is replaced 
netal or radical; thus we have hydric-potassic 
nate, COHoKo, and potassic carbonate, COK02, 
•iginal acid being COH02. 
fs. — Carbonic anhydride is expelled from car- 
es on the addition of a strong acid : the gas 
i into calcic hydrate (lime water) gives a white 
)itate of calcic carbonate (chalk)^ which re-dis- 
; with an excess of the gas : — 

CaHoa + CO2 = COCao" -f OHj. 
ame effect is produced when the breath is blown 
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through lime water by means of a glass tube. Th^ 
carbonic anhydride in the breath unites with the lime^ 
Carbonic Oxide, CO. — The blue lambent flame 
sometimes seen on the top of brick-kilns and coke- 
ovens, and in our own fireplaces, is due to the com 
bustion of carbonic oxide. This compound contains 
one atom less of oxygen than carbonic anhydride, 
and the carbon is consequently here a diad. 

Preparation. — i. it may be prepared by passing 
carbonic anhydride through a red-hot iron tube filled 
with iron borings :-- 

4CO, -f Fes = Fej04 + 4CO. 

Carbonic Magnetic Carbonic 

anhydride. oxide of iron. oxide. 

2. It may also be obtained by passing carbonic 
anhydride through a red-hot porcelain tube filled with 
charcoal : — 

CO2 + C = 2CO. 

Carbonic Carbonic 

anhydride. oxide. 

A similar change to this takes place in charcoal and 
coke fires : at the bottom of the fire the charcoal com- 
bines with the oxygen, forming carbonic anhydride J it 
passes through the red-hot part of the fire, and is con- 
verted into carbonic oxide, CO, and bums at the 
surface with a blue flame, being again changed into 
carbonic anhydride. A low temperature favours the 
production of this compound. 

3. Carbonic oxide is generally prepared by heating 
sulphuric acid with oxalic acid. As soon as the tem- 
perature is sufficiently raised, the gas comes off 
rapidly. The decomposition which takes place may 
be explained thus : — Sulphuric acid is a powerful 
desiccating compound, and destroys many organic 
compounds by abstracting the elements of water ; in 



CARBONIC OXIDE. 93 

case, at a boiling temperature, it withdraws a 
cule of water from the oxalic acid, leaving C2O3, 
1 cannot exist as such, but breaks up into a mix- 
)f carbonic oxide, CO, and carbonic anhydride. 
By passing the gases through a solution of 
ic potash, the carbonic anhydride is absorbed, 
he carbonic oxide, CO, passes over, and may be 
ted at the pneumatic trough in the usual way. 

{cOHo = 0"^ + ^"0 + C'^O^ 

Oxalic Carbonic Carbonic 

acid. oxide. anhy4ride. 

•bonic oxide may be obtained by many other 

5ses : thus it is formed when carbon burns in a 

d supply of air, when formic acid or a formiate 

ited with sulphuric acid, when potassic ferro- 

ie is heated with sulphuric acid, or by heating 

sine, or carbon with a carbonate. 

)perties. — This gas is transparent, colourless, 

5ss, and inodorous ; it is slightly lighter than 

,. .12-4-16 T*. • 

ion air. Its sp. gr. is iz: 14. It is 

2 

' combustible, but does not support either com- 

►n or respiration. It burns, in air or oxygen, 

i blue lambent flame, becoming carbonic anhy- 

Dumas has shown that this gas is a hundred 

more poisonous than carbonic anhydride, a fact 

. till lately was unknown. It acts as a reducing 

at high temperatures in many metallurgical ope- 

s. 

e compounds of carbon with hydrogen, chlorine, 
itrogen, belong to organic chemistry. 
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Pentad Elements. 
Nitrogen— N,. 

Atomic weight and sp. gr. = 14. Molecular w«ght = zS. 
Molecular volume, normal. I litre weighs 14 criths. Atomi- 
city, V. (frequently III,, sometimes I.). 

Occurrence in Nature. — Nitrogen forms by 
volume about 4-5ths of the atmosphere, and enters bio 
a variety of combinations. It exists in combination in 
the vegetable kingdom, fonning either nutritious food 
like gluten, useful medicines like quinine, or violent 
poisons like prussic acid, strychnia, and nicotine. It 
is a constituent of muscular tissue to the extent of 
about 17 per cent. In the mineral kingdom it is 
contained in coal, and in potassic and sodic nitrates. 
Nitrogen may be prepared,— 
(i.) By burning a small piece 
of phosphorus in a confined 
portion of common air under a 
gas jar standing over water, by 
which phosphoric anhydride is 
produced, but the nitrogen re- 
^"^^^^^^^^^S^^ mains unacted on. The white 
^^Frc""! *^''^ flakes of phosphoric anhy- 

dride are dissolved in the water 
over which the jar is placed. (See Fig. 8.) It must 
stand till it becomes clear. The water will rise up 
in the jar to the extent of about i-5th, and will thus 
replace the oxygen which is burnt out 

(2.) By passing chlorine through a solution of 
ammonia : — 

8NH, + 3CI, = 6AmCI + N^ 

The HCl thus formed unites with the excess of 

ammonia, forming NH,CI (ammonic chloride). Great 

care must be taken in this experiment to keep a large 
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ss of ammonia, or the excess of chlorine will act 
le ammonic chloride thus : — 

N^H.Cl + 6C1 =• 4HCI + N'"Cl3. 

Nitrous chloride. 

nitrous chloride is a terribly explosive and dan- 
s compound. 

I By mixing iron filings and sulphur with water, 
[lowing the mixture to remain under a gas jar for 
y-four hours. The oxygen of the atmosphere is 
jed, and nitrogen only remains. 

Nitrogen can also be obtained from the 
phere by passing air through a hard glass tube 
ining finely divided copper heated to redness. 
:opper takes up the oxygen, but the nitrogen 
} forward and may be collected : — 

2Cu -f 4N2 + O2 = 2CuO -h 4N2. 

Air, 

I By heating ammonic nitrite : — 

N"'0(N^H40y =r N, + 2OH2. 
Ammonic nitrite. 

3perties. — Nitrogen is a permanent gas, having 
tr colour, taste, nor smell. It is slightly lighter 
lir. It is not poisonous, but yet will not support 
ation. It will not bum unless under ex- 
mal circumstances, nor yet will it support com- 
m. It is a remarkably inactive body, but many 
compounds have very active and striking qua- 
It is estimated that six tons of air pass through 
t'furnace every hour. While the oxygen is most 
\ in forming new compounds the nitrogen escapes 
mged. Its chief function in the air is to modify 
iolent action of the oxygen, and render the 
sphere suitable to Xh^ wants of life. 
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The atmosphere, which is the great storehouse 
of nitrogen, is composed of a mixture of nitrogen and 
oxygen, with variable proportions of carbonic anh/' 
dride, aqueous vapour, and traces of ammonia, &c. 

The analysis of air may be effected in the fol' 
lowing manner : — Introduce, by means of a wire, 
into a graduated tube standing over water, a piece of 
phosphorus. The known quantity of air can be de- 
termined by observing the water point in the graduated 
tube. The arrangement should now be left for twenty- 
four hours. The whole of the oxygen will be absorbed 
by slow combination with the phosphorus. The re- 
maining gas may now be read off, which is nitrogen. 
Another plan is to mix air with excess of hydrogen it 
a graduated tube called a eudiometer^ and explode b) 
an electric spark ; the hydrogen and oxygen combine 
forming water, which condenses, and the remaining 
volume of gases is read off : the loss of bulk is due t( 
the whole of the oxygen, plus twice as much hydro 
gen ; and therefore the actual amount of oxygen cai 
be ascertained by taking one-third of the loss ex 
perienced by the mixed gases during the explosion 
\See paragraph on the composition of gases.) Th< 
amount of oxygen may also be ascertained by tb 
process given under the fourth mode of makin] 
nitrogen. The amount of moisture is ascertained b; 
instruments called hygrometers, and the carboni 
anhydride by passing a known quantity of dry ai 
through a bulb tube containing potassic hydrate, th 
tube being weighed both before and after the operatior 
The increase in weight gives the carbonic anhydride. 

The following is the average percentage coir 
position of the atmosphere by volume :* — 

* Miller's Chembtiy, vol. ii. 
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Nitrogen 77-95 

Oxygen 20*61 

Aqueous vapour (variable) . • z'4 

Carbonic anhydride . • t '04 

Nitric acid 1 - 

Ammonia > • . • . traces 

Marsh gas j 

Sulphuretted hydrogen> 

Sulphurous anhydride j ^^ ^^^^ ^^^^ 



1 00 'GO 



When freed from moisture and carbonic anhydride, 
lie following is its per-ceirtage composition : — 

By weight. By volxime. 

Nitrogen .- .• 769 . 79*1 

Oxygen - , 23-1 . 20*9 

100 100 

We have already seen that animals withdraw 
sygen from the atmosphere and pass into it carbonic 
ihydride ; on the other hand, plants remove carbonic 
nhydride from it by means of Uieir leaves, and exhale 
lygen. Thus the composition of the atmosphere is 
eautifully balanced, and it never varies in the open 
(mntry. 

That the atmosphere is a mixture and not a com- 
<mnd is proved (i) by the fact that its density is the 
aune as a mixture of the two gases in the same pro- 
Kxrtions as they are contained in the atmosphere, 
ad (2) the mixture has all the properties of atmo- 
pheric air. 

Oxides and Oxy-acids of Nitrogen. 

We are acquainted with five distinct oompowii<&& ^i 

H 
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nitrogen with oxygen ; two of them, being anhydrii 
form acids by combining with water : — 

Nitrous oxide . \ • ON, 



Nitric oxide 



/NO 




Nitrous anhydride 
Nitric peroxide 

Nitric anhydride • 

Nitrous acid • 
Nitric acid 

These compounds are a good illustration of wl 
called the law of chemical combination in mt 
proportions. It will be seen that the oxygen 
tained in them is in the proportion of the 
bers I, 2, 3, 4, and 5, to one and the same qus 
of nitrogen : thus while in nitrous oxide 28 par 
weight of nitrogen are combined with 16 par 
weight of oxygen, in nitric oxide 28 parts of niti 
are combined with 2 x 16, and in nitrous anhy 
with 3 X 16 of oxygen; in nitric peroxide and 
anhydride with 4X 16 and 5 x 16 of oxygen re 
tively. And no compound of nitrogen and oxyg 
found to contain any intermediate quantity of ox 
Thus oxygen combines with nitrogen either ii 
proportion of 1 6 or some multiple of 16. The gr; 
formulae of these bodies illustrate this law admin 

Nitrous Oxide, ON2, is sometimes called lau, 
gas, from the peculiar exhilarating effects proc 
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len inspired. It is prepared by heating moderately 
a retort ammonic nitrate : 4 oz. of this salt produce 
ubic foot of gas. It should be collected over wami 
'er, or over water saturated with the gas, and care 
uld be taken that the salt is pure when the gas made 
fi it is intended to be breathed. 

N'02(N^H40) = 2OH2 + ON2. 
itrous oxide is a transparent and colourless gas, 
ng a faint sweet taste. It supports combustion 
oxygen, but it does not produce red fumes when 
id with nitric oxide, and it is much more soluble 
oxygen in cold water. It is used by dentists and 
20ns for producing insensibility to pain for a short 
. Such substances are called anaesthetics. 

itric Oxide, -! Sq. — The molecular volume of 

gas does not accord with the law of Ampere^ for 
Qolecule measures 4 volumes. It is probably a 
of dissociation at a very low temperature. It 
be prepared by introducing into a hydrogen 
iratus some copper turnings, a little water, and 
c acid, added by the funnel. This gas may be 
ictfed over water. This reaction may best be 
'ed in this way : — 

.) Three atoms of copper replace six atoms of 
rogen, thus : — 

6NOjHo + 3Cu = 3 -^ Cuo' + 3Ha. 

(no, 

Nitric acid. Cupric nitrate. 

I.) The nascent hydrogen acts on nitric acid 



j:- 



3H, + 2NO2H0 = 4OH, + { J[2. 

•'Nitric acid, "Nilnc oid^t. 
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The complete change may be expressed 
equation, thus : — 

8NO,Ho + 3Cu = 3] Cuo' + { §S + 

The gas obtained in this manner is colourL 
transparent ; but in contact with air or oxygen 
duces deep red fumes, which are sufficient to dist 
it from all other gases. A very pretty experimc 
be made thus : — Nearly fill a glass cylinder wit 
oxide over water, and by its side fill another 
cylinder with oxygen. Then allow a few bul 
oxygen to pass into the cylinder containing thi 
oxide. Deep red fumes immediately appear ft 
formation of nitrous anhydride and nitric pe 
These, however, gradually disappear, being al 
by the water. Pass a few more bubbles, and tl: 
phenomenon will be repeated, till at last th< 
cylinder will be filled with water. This gas p* 
the important part of a carrier of oxygen in the 
&cture of sulphuric acid. 

A mixture of nitric oxide and carbonic disi 
vapour bums with a brilliant white light. 

(NO 
Nitrous Anhydride, < O .—When four v 

(NO 

of dry nitric oxide are mixed with one volume 
oxygen, and exposed to as low a temperature 
be obtained by freezing mixtures, a thin mobile 
of a blue colour is produced. This is nitrou: 
dride. 

It may also be prepared by dissolving silver ii 
nitric acid, and by heating nitric acid with 
also by the action of nitric acid on arsenious 
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dride. Liquid nitrous anhydride boils at o^ C, 
emitting orange-red fumes. 

Nitrous Peroxide, | ^Q^ called also nitrous gas J 

lias a normal molecular volume at o® C, but it is 
anomalous (4 volumes) at 100'' C. : the gas evidently 
suffers dissociation between these temperatures, and 
k may be fairly assumed that nitric oxide dissociates 
at a still lower temperature, otherwise this body will 
be an exception to important laws which are appa- 
lently absolute. 

It is prepared by heating plumbic nitrate in a hard 
{^ass retort : — 

2Na04Pbo'' = 2PbO + 2N2O4 + Oa. 

Plumbic nitrate. Nitric peroxide. 

Nitric peroxide at ordinary temperatures is a deep 
brownish red gas, having a suffocating odour. It 
is soluble in water, and converts metallic hydrates and 
oxides into a mixture of bitrates and nitrites. It has 
neither acid nor basic properties. 

(NO, 

Nitric Anhydride. {O , is prepared by passmg 

(no, 

dry chlorine gas over dried argentic nitrate heated to 
95' C; the anhydride is condensed by a freezing 
mixture : — 

4NOaAgo -f- 2CI, = 4AgCl + 2N%05 + O,. 

Argentic Nitric 

nitrate. anhydride. 

It is a very unstable white crystalline substance. 

Nitrous Acid, NOHo, results from the action of 
water on nitrous anhydride. It forms nitrites with 
oxides and hydrates. 

Potassic nitrite is made by heating nitre to redness. 
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Nitrites arc frequently found in water which has beeti 
contaminated «-itb sewage, &c 

Nitric Acid, NOiHo^ known as agtta/hriis, is 




one of the most important compounds of Ditrogen. 
In hot dry climates the soil is sometimes covered 
with a white, downy-looking salt. When this salt is 
collected, dissolved, filtered, and crystallized, it pro- 
duces the nitre or saltpetre of commerce : it is potassic 
nitrate. To obtain nitric acid from this sali mix it 
with half its weight of sulphuric acid in a glass retort 
{Fig. 9) ; cover the receiver (which may be a Florence 
flask) with a wet cloth, and apply heat. Red fumes at 
first rise in the retort, and pass to the receiver ; these 
fumes gradually disappear, and a pale yellow liquid 
collects in the receiver, which is nitric acid : — 
aNOiKo -K SOjHo, = 2NO,Ho -)- SO.Ko,. 
By using these proportions the greatest amount of 
nitric acid is produced from a given weight of sulphuric 
acid. The high temperature, however, required to 
Complete the opoation causes the decomposidon of 
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he nitric acid, and in practice is very liable to 
le retorts. It is therefore customary to use 
[f this quantity of nitre, when the decompo- 
as follows : — 

Ko + SO2H02 = NO2H0 + SO2H0K0. 

itrate. Nitric acid. Hydric-potassic 

sulphate. 

s case only half the hydrogen of the sulphuric 
replaced, and the temperature required is 
wer. 

large scale iron retorts and earthenware con- 
vessels are used, and sodic nitrate substituted 
ssic nitrate. The iron retort is protected from 
>n of the acid by lining it with thin fire-bricks, 
nitric acid is a colourless liquid. It fumes 
:posed to air. It is partially decomposed by 
[t is intensely acid, and reddens vegetable 
It stains the skin and nails yellow. It is used 
ying, and as a solvent for tin in calico-printing, 
powerful oxidizing agent, attacking most of the 
vith great violence. 

ms nitrates with bases, nearly all of which are 
in water. Mixed with hydrochloric acid it 
\qua regia. All the metals except gold and 
n, and a few rare ones, attack nitric acid. The 
have a different action upon nitric acid from 
ey have on such acids as sulphuric and hydro- 
The metals no doubt displace hydrogen 
ne portion of the nitric acid, but the nascent 
2n reduces or removes oxygen from another 
. Different metals act very differently on 
icid, for although the nitrate of the metal 
Uy produced, yet the secondary products of 
n vary : thus, nitric acid yields nitrous oxide, 
»xide, nitrous anhydride, and nitric peroxide, 
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when acted on by zinc, copper or mercury, silver, and 
tin, respectively. 

Nitric acid produces substitution compounds of 
great utility, such as gun-cotton^ nitra-gfycerifUy niiro- 
benzoly and picric acid. It is the most important 
oxidizing agent the chemist possesses. It converts 
ferrous into ferric salts, stannous into stannic, and 
arsenious into arsenic salts. 

Tests, — I. Nitric acid, or a solution of a nitrate 
mixed with sulphuric acid, turns brown when a strong 
solution of ferrous sulphate is mixed with it. 

a. Copper filings and strong sulphuric acid heated 
in a test-tube with a nitrate, liberate nitric oxide, 
recognised by forming red fumes of nitric peroxide 
in the upper part of the tube. 

3. Solution of indigo boiled with HCl and a nitrate 
is decolourized. 



Compounds of Nitrogen with Hydrogen. 

Ammonia, N'"H,. — This is the only compound 
of nitrogen and hydrogen which has been isolated. 
It is one of the products of the decomposition of 
animal matters and vegetables containing nitrogen, 
and is therefore found in the atmosphere ; it is brought 
down by rain, and plays a very important part in the 
nourishment of plants, which derive most of their 
nitrogen from this source. 

Preparation* — i. Ammonic chloride (sal ammo- 
niac), MH4CI, is heated in a flask with quicklime, 
and the evolved gas is collected over mercury in 
a small pneumatic trough, or if a solution be required 
it is passed directly into water, in which it is very 
soluble : — 
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aNH^Cl + CaO = CaCl, + 2NH, + OH,. 

Amnionic Calcic Calcic Ammonia, 

chloride. oxide. chloride. 

The principal part of the ammonia now manu- 
£eu:tured is obtained from gas liquor^ a by-product 
in the manufacture of coal gas, containing carbonate, 
sulphide, and other ammoniacal salts. The liquor is 
mixed with lime, and distilled in large iron retorts 
or boilers : the distillate is very impure, and requires 
to be distilled a second time with lime, the gaseous 
product being passed through a lime box purifier, and 
then into water, which is thus converted into ammonic 
hydrate (iiguid ammonia), NH4H0 (zr Am Ho). 

The gaseous products of the first distillation are 
converted into ammonic sulphate, a very useful salt, 
by passing them directly into sulphuric acid. The 
sulphate crystallizes, and is fished out from time 
to time with perforated shovels. 

Ammonic sulphate is largely used as a manure, also 
in the manufacture of ammonic carbonate and chloride, 
and also as a cheap substitute for ammonic chloride 
in the manufacture of ammonic hydrate : — 

SOjAmOj + CaHoa z= SOaCao" -f- 2AmHo. 

Ammonic Slaked Calcic Ammonic 

sulphate. lime. sulphate. hydrate. 

2. Organic compounds containing nitrogen, such 
as bones and animal refuse, when heated with alkaline 
hydrates, or soda lime, yield all their nitrogen as ammo- 
nia. When submitted to destructive distillation in a 
closed vessel, they yield ammonia, and some ammonic 
salts. 

Properties. — The gas has a molecular weight 
of T7> and its molecular volume is normal, i litre 
weighs 8'5 criths. It liquefies under great pressure, 
the liquid producing great cold by its evaporation, as 
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it boils at — 38*5° C. It is a colourless and transparent 
gas, having an extremely powerful and characteristic ■ 
odour. At 0° C. water dissolves 1,050 times its own : 
volume of the gas, and at 25° C. 580 times its volume, ¥ 
The ammonic hydrate thus produced is lighter than r 
water : the strongest sold in the shops has a sp. gr* = 
of -880. i- 

Ammonia was called by the alchemists spirits of \ 
hartshorn, because it was obtained by the distillation ^ 
of deers' horns in close vessels. It is sometimes ; 
called the volatile alkali. 

Ammonia is a powerful base : it combines with and 
neutralizes the strongest acids, forming thereby com- 
pounds known as ammonic salts, thus : — 

N'"H, + HCl = N^H^Cl (= AmCl). 

Ammonic 
chloride. 

2NHs + SOaHOi = SOjAmOa. 

Ammonic 
sulphate. 

NH, + NOaHo =: NOjAmo. 

Ammonic 
nitrate. 

Ammonia gas is decomposed by passing through it 
sparks from a Ruhmkorff's coil Under this treat- 
ment it expands to twice its original volume : — 

2WH3 ^ Na + 3Ha. 

Two molecules. One molecule. Three molecules. 

4 volumes. 2 volumes. 6 volumes. 

8 volumes. 
CUTT ( Am 

Ammoniumi \ 5 jj*, or < ^^. — This compound 

monad radical has not been isolated, but its combi- 
nations are perfectly analogous to those of potassium 
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■m ^d sodium. It forms an amalgam with mercury, 
V having metallic lustre, and all the physical characters 
1 of any other amalgam ; on this, account it is regarded 
' as a metal by some chemists. 

Ammonium amalgam is most readily obtained by 
warming a small quantity of mercury in a test-tube, 
and dropping in small bits of metalUc sodium. The 
two metals will coalesce with great evolution of heat 
and a vivid light. The sodium amalgam, while still 
hot and fluid, should be poured on a stone or iron 
slab : it will soon solidify, and if a piece of it be put 
into solution of ammonic chloride the following re- 
action will take place : — 

Hg^Na, -f j^NH^Cl = Hg,(NH4), + j^NaCL 

Sodium Ammonium 

amalgam. » amalgam. 

The ammonitun amalgam thus formed swells out 
enormously, but readily breaks up into ammonia, 
hydrogen, and mercury. 

Ammonium forms the compound basylous element 
in all ammonic salts. 

Ammonic Chloride (Sal Ammoniac), AmCl 

or NH4CI, is prepared from gas or bone liquor. The 
solution is treated with a slight excess of hydro- 
chloric acid, HCl, by which the ammonic carbonate, 
COAmOj, and ammonic sulphide, SAmg, always pre- 
sent in these liquids, are decomposed, with evolution 
of carbonic anhydride, C02,and sulphuretted hydrogen, 
SH,. The liquid is evaporated to dryness, and the 
salt carefully heated, to expel the tarry matter with 
which it is associated. It is then purified by sub- 
limation in iron vessels lined with clay and covered 
with domes of lead. This salt is sublimed without 
decomposition. Ammonic chloride forms double 
salts with the chlorides of magnesium, nickel, cobalt, 
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zinc, copper, manganese, and platinum ; forming 
(MgCl-i,2NH4Cl); (NiCl„2NH4Cl); (CoCl„2NH4Cl); 
&C. ; (PtCl4,2NH4Cl). The sal-ammoniacum of the 
Romans was ammonic chloride, and was obtained as 
a natural product from a district in Libya. 

Amnionic Sulphate, SO«Amo^ or SO/NH^O/, 

— The manufacture of this important article on tiie 
large scale has already been described (p. 105). A 
purer substance may be obtained by neutralizii^ 
ammonic carbonate, COAmo,, with sulphuric add. 
The salt is soluble in two parts of cold water, and 
crystallizes in long six-sided prisms, which lose an 
atom of water when heated. Ammonic sulphate is 
entirely decomposed by ignition ; and by long boiling 
with water, ammonia is volatilizedy and the liquid 
rendered acid. 

Amnionic Carbonates. — DeviUe states that there 

exist only two of these carbonates, although it has 
long been supposed that there are a considerable 
number, i. Hydric-ammonic carbonate, COHoAmo 
(bicarbonate of ammonia). This salt is obtained by 
saturating ammonic hydrate with carbonic anhydride. 
The sesquicarbonate when exposed to the air gra- 
dually loses carbonic anhydride, and is transformed 
into this salt. 2. Ammonic carbonate (sal volatile), 
COAmOs, has not been obtained in the solid state. 

Commercial ammonic carbonate, called sesqui- 
carbonate of ammonia, contains the elements of two 
molecules of (i) and one molecule of (2). It is there^ 
fore a mixture of the two kinds (2 COHoAmo + 
COAmo2). It is prepared by heating to redness in 
a retort a mixture of two parts of ammonic chloride 
and one part of chalk* The salt sublimes, and is 
condensed in a receiver which is luted to the retort. 

Ammonic Nitrate, NOjAmo, is prepared by 
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adding dilute nitric acid to the carbonate until the 
solution is neutralized, and slowly evaporating at a 
moderate temperature. The salt crystallizes out in 
n-sided prisms, like potassic nitrate, and deflagrates 
like that salt When heated it is decomposed into 
nitrous oxide and water (see p. 98). 

When ammonia, or ammonic carbonate, is neutral- 
ized by hydrochloric acid, HCl ; hydrosulphuric acid, 
SH, ; hydriodic acid, HI ; or hydrobromic acid, 
HBr; the resulting salts are anhydrous, and contain 
ammonium, NH4, in the place of the hydrogen of the 
respective acids : — ^AmCl, SAmj, Ami, AmBr. 

Hydric-ammonic Sulphidei SHAm, is a com- 
pound of great practical utility. It is obtained by 
saturating a solution of ammonia with well-washed 
sulphuretted hydrogen. It is employed to precipitate 
many metals from their solutions, some of the pre- 
cipitates having characteristic colours. By exposure 
to light it becomes slightly yellow, on account of the 
following decomposition : — 

4SHAm + O. = 2 11^™ + 2OH.. 

Hydric-ammonic Ammonic Water, 

sulphide. disulphide. 

The yellow sulphide thus formed is often employed in 
the laboratory as a test. When treated with an acid 
half the sulphur is precipitated, whilst the other half 
is evolved as sulphuretted hydrogen gas. 

Ammonic Sulphide, SAmj, and the polysulphides 
may be obtained by distilling the corresponding sul- 
phides of potassium or sodium with sal ammoniac or 
ammonic sulphate. 

Tests. — All the salts of ammonium are decomposed 
or volatilized at a high temperature, all aie moi^ ot 
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less soluble ; the acid tartrate, and the double chloride* 
of ammonium and platinum, being the least so. They 
therefore give, with platinic chloride and with tartaric 
acid, the same reactions as potassium salts. The 
precipitates are similar in constitution. 

Ammonia may be recognised with certainty in the 
presence of all other bodies by its being set free, in 
a gaseous state, by the action of any of the caustic 
alkalies or alkaline earths (lime, GaHoj, is the best 
for this purpose) ; by its odour, and the white fumes 
produced when a glass rod moistened with hydro- 
chloric acid, HCl (not fuming acid), is brought near 
the compound acted on as above. 

When a solution of mercuric iodide in potassic 
iodide (Nessler's test) is added to a solution contain- 
ing an ammoniacal salt or free ammonia, to which 
caustic potash has been added, a brown precipitate 
or coloration is produced : this is by far the most 
delicate test for ammonia. 

NH3 + 2Hgl2 = NHgJ + 3HI. 

Ammonia. Mercuric Dimercuric- Hydriodic 
iodide. ammonic acid, 

iodide. 
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MODES OF CHEMICAL ACTION. 

In the preparation of the elementary and compoimd 
bodies which have already been described, the student 
will have noticed that the results were obtained by 
distinct chemical processes. Dr. Frankland reduces 
the number of these processes to five, and calls them 
modes of chemical CLction, Every chemical change of 
matter may be referred to one or other of these five 
modes of action : — 

1. A direct combination of elements or compounds 
with each other. 

2. A displacement of one element or compound 
radical in a body by another element or compound 
radicaL 

3. A mutual exchange of elements or compound 
radicals in two or more bodies. 

4. A rearrangement of the elements or compound 
radicals already contained in a body. 

5. The resolution of a compound into its elements, 
or into two or more less complex compounds. 

The combustion of the metals in oxygen and 
chlorine are good examples of the first mode. The 
preparation of hydrogen, by acting on an acid with 
a metal, are instances of the second mode. The third 
mode is illustrated by the production of a salt by an 
acid acting on a base. There are no good illustra- 
tions in inorganic chemistry of the fourth mode ; with 
the exception, perhaps, of the preparation of ozone. 
The preparation of oxygen from mercuric oxide and 
potassic chlorate, and the decomposition of water and 
hydrochloric acid by the galvanic current, are good 
examples of the fifth mode of chemical actiow. 
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THE COMPOSITION OF GASES. 

EXPERIMENTS AND CALCULATIONS. 

Ure's Endiometer. — For many experiments 
Ure's eudiometer is a conveiiioit 
instrument It consists of a bent 
rglasB tube, closed at one end and 
open at the other, as shown at A, 
^Fig. 10. The closed arm is gra- 
duated, and has two platinum wires 
fused into the glass, on opponte 
sides of the tube, in such a manner 
as to leave a space of about one- 
tenth of an inch between their 
points for the passage of an electric 
spark. The graduated arm is 
iK^ usually capable of containing about 
^^^ 40 cubic centimetres (about 2*5 
riii. 10. cubic inches). 

Composition of the AtmoBphere.— This is 

very readily ascertained by Ure's eudiometer : — About 
20 C.C. of air should be secured in the arm b by 
pouring mercury into a, closing the top by the thumb, 
and tipping the instrument so as to aliow bubbles 
to escape from b into a till the required quantity 
remains. The next thing is to read off accurately the 
amount of air thus confined. To do so the mercury 
should be made to stand at the sanje height in each 
arm ; this is accomplished by pouring mercury into a, 
or withdrawing it by thrusting a rod into this arm, as 
the case may require. Having read off the exact 
amount of air (say 215 cc), fill the arm a with mer- 
cury, and carefully closing its end with the thuml^ 
invert it in the mercurial trough, and introduce an 
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excess of hydrogen* (say about lo cc). Again close 
the open end with the thumb, and pass all the gases 
to the closed arm ; level the mercury, and read off the 
total volume of the mixed gases (say 31*5). Mercury 
should, if necessary, be poured into a until the dis- 
tance from its surface to the top of the arm is about 
equal to the distance from the surface of mercury in 
h to the bend of the tube. This will prevent any 
gas passing the bend during the explosion. Firmly 
close the top a by^the thumb, and pass an electric 
spark between the platinum wires. The air confined 
l^ the thumb will serve as a cushion to moderate the 
bursting effect of the explosion. After cooling the 
mercury must again be levelled, and the residuary 
gases read off (say i8*i). 

Calculation, — Loss by explosion = 31*5 — i8*i 
= 13*4. This loss is due to the formation of water 
by tie union of hydrogen and oxygen ; and as it has 
been explained that two volumes of hydrogen unite 
with one volume of oxygen, therefore one-third of 
this loss must have been the quantity of oxygen in 
the amount of air operated upon : — 

134 
Amoimt of O in 21*5 cc. of air = =4*46 cc. 

3 
The per-centage composition is thus found : — 

As 21*5 : 100 : : 4-46 : x. Therefore x =1 2074. 

Per-centage of oxygen =3 2074 

„ nitrogen = 79*26 



100*00 



• By excess is meant more than enough for the purpose for 
which it is required, viz., to unite withjthe oxygen. 21*5 cc. 
of air contain about 4*3 cc. of oxygen, which will unite with 
8*6 cc. of hydro^n ; 10 cc. h therefore an excess. 

I 
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Composition of Water.-^This has been proved 
analytically by electrical decomposition, but it may 
also be proved synthetically by the eudiometer. 

First introduce about 8 cc. of oxygen and read off 
accurately ; then add more than double this amount 
of hydrogen, and ascertain the total quantity of mixed 
gases. Explode, cool, and read off the residue, which 
proves to be pure hydrogen. 

Example, — 

Amount of oxygen used . rz 85 cc. 

„ mixed gases . zz 28*4 „ 

Residual H after explosion z= 2*9 „ 
Loss by explosion . . zz: 25*5 „ 
But the loss due to oxygen . . = 8-5 

Therefore loss due to H = 25*5 — 8*5 = 17 

Hence 17 cc. of H unite with 8*5 cc of O, or 
two volumes of hydrogen unite with one volume of 
oxygen to fonn water. 

To prove that these three volumes form only two of 
water vapour, the whole apparatus may be placed in 
an oil bath, having a temperature above 100" C. 
After corrections for temperature, which will be ex- 
plained fiirther on, the amount of this vapour will be 
found to be 17 cc, or two volumes. 

Composition of Hydrochloric Acid Gas.— A 

modification of Ure's eudiometer is required for this 
operation. This consists simply in the addition of a 
funnel to the closed arm, with a glass stopcock in its 
tube (B, Fig, 10). A convenient quantity of dried 
HCl gas (about 15 cc) is introduced into the closed 
arm, and sodium amalgam placed in the funnel. The 
mercury in the open arm is now lowered, so that, 
on opening the stopcock, the amalgam has a greater 
dtmospheric pressure on the top than on the bottom 
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this assists its introduction, and also prevents the 
escape of the confined gas. 

The sodium of the amalgam readily acts on the 
hydrochloric acid gas, liberating pure hydrogen. Only 
a portion of the amalgam must be allowed to enter, 
or the air will rush in and spoil the experiment. When 
the action is completed it will be found that one-half 
the original volume of gas remains, and that it is pure 
hydrogen : therefore two volumes ^ HCl contain one 
volume of H. It only remains to be proved that these 
two volumes contain one volume of chlorine. The 
gases cannot be mixed and exploded, because chlorine 
attacks mercury and is soluble in water. 

Take a solution of HCl and thoroughly saturate 
it with chlorine gas, then subject the liquid to the 
action of an electric current. Allow the action to 
proceed some time, then collect the gases in separate 
tubes. It will be found that H and CI come off in 
equal volumes. 

Therefore in the original experiment the two volumes 
of hydrochloric acid gas contained one volume of hy- 
drogen and one volume of chlorine. 

Hydrobromic and hydriodic acids may also be 
experimented on in the eudiometer, as described 
above. 

Composition of Ammonia Gas.— The con- 
stituent gases of ammonia refuse to unite directly, and 
neither of them can be conveniently withdrawn, as in 
the case of hydrochloric acid gas. A different method 
is therefore adopted. 

Take a graduated tube, about 18 inches or 2 feet 
long, fill it with chlorine gas, and invert it in a deep 
vessel containing solution of ammonia. On shaking 
the tube up and down rapid absorption takes place, 
till a gas remaini^ occupying one-third l\i^ noVoccci^ q»^ 
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the chlorine. Examination proves this gas to be 
pure nitrogen. (See the action of CI on solution 
of ammonia, page 94.) In this experiment three 
volumes of chlorine were required to liberate one 
volume of nitrogen, and we know that each vc^ume 
of this chlorine united with one volume of hydrogen j 
therefore the three volumes of chlorine united with 
three volumes of hydrogen, and by so doing liberated 
one volume of nitrogen from its combination with the 
hydrogen : hence one volume of nitrogen unites with 
three volumes of hydrogen to form ammonia. 

We have already seen that two volumes of ammonia 
gas break up into one volume of nitrogen and three 
of hydrogen, under the influence of powerful electric 
sparks. 



INFLUENCE OF TEMPERATURE AND 
PRESSURE ON THE VOLUMES OF GASES. 

Temperature. — Nearly all bodies expand or in- 
crease in bulk when heated. Gases and vapours expand 
much more than either liquids or solids. The amount 
of expansion has been carefully ascertained^ and it is 
found to be the same for all gases and vapours at 
temperatures remote from their points of condensa- 
tion. Elementary gases like hydrogen and chl(mne, 
compound gases like ammonia, and imxed gases like . 
atmospheric air, obey the same law of expanrion by 
heat and contraction by cold. 

The oh^cient of expansion of gases by heat under 
all pressures is ^fy of the volume of the gas at o® C. 
for each increase of one degree. 

All gases and vapours, whether elementary, com- 
pound, or mixed, have almost precisely the same co* 
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efficient of expansion, and the co-efficient is the same 
under all pressures. 

As the co-efficient is calculated from the volume of 
the gas at zero (o® C), this is called the normal or 
standard temperature. 

The following examples will illustrate the use of 
the co-efficient in calculations of gaseous volumes : — 

273 litres of gas at o°C., if raised to — 

I* C. will measure 274 litres ^= 273 + -^^ of 273). 

«° C- » 27s » (= 273 + T»7 of 273). 

3* C. „ 276 „ (= 273 -h-ihof in)' 

io« C. „ 283 „ (= 273 + WV of 273). 

And if reduced to — 

- 1* C. will measure 272 litres (= 273 - tJ-j of 273). 

-2«C. „ 271 „ (= 273 - if*7of 273). 

-■2o«C. „ 253 „ (= 273 - WVof 273). 

It will readily be seen that the above data may be 
used in calculations of changes of volume. 

Example i. — 100 litres of gas are measured off at 
o* C. : what will they measure when the temperature 
is raised to 50° C. ? 

The volume will evidently bear the same relation 
to loo that 273 + -ir? of 273 does to 273. 

At o*. At 50". Litres at o". Litres at 50". 

. • . as 273 : 323 : : 100 : x 

X = ^^^ ^ ^^^ = 118-31 No. of litres at 50^ C. 
273 ^ 

Example 2. — 100 litres of gas are measured off at 
50** C. : what will they measure if reduced to 20° C. ? 

Vol. at 50". Vol. at 20". Litres at 50'. Litres at ao**. 

As 273 + 50 : 273 + 20 : ; 100 ; x 
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293 X ioo 
^ ^ -_. 9071 No. of litres at 20* G 

323 

Example 3. — 50 litres of gas are measured off at 
30** C. : what will they measure if the temperature be 
reduced to - 20" C. ? 

Vol. at 36'. Vol. at —20'. Litres at 36". Litres at -2<f. 
As 273 + 30 t 273 — 20 : : 50 : x 

X = — - — — = 4174 No. of litres at - 20". 

303 

The degrees of temperature employed in this book 
are those of the Centigrade thermometer, but in England 
temperature is very frequently given in degrees FaJiren- 
heit, and in some Continental countries in those of 
Reaumur; it is therefore necessary that the student 
should be able to convert the degrees of one scale into 
those of another : for this purpose the following equa- 
tions will assist him : — 

_ S(F.-32) . 
^- - 9 

F. = 2^ + 3«. 

C. = 5.R. andR. = 7C. 
4 ' 5 

These equations are based on the fact that 180® F, 
are equal to xoo** C. and So** R. respectively ; zero being 
the freezing point of water in the scales of Centigrade 
and Reaumur, and 32* below that point in Fahrenheit. 

Example 4. — Convert 50' C. into degrees Fahr. 

F. = ' — r— ^ + 32 = 90 + 32 = i22«F. 
5 
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Example 5. — Convert 14® F. into degrees Centi- 
grade. 

^ — — - — -- — — 10° C. 

9 9 

The student should not neglect to take the minus 
sign into account in examples like No. 5. 

Pressure. — The volume of a gas alters with every 
change of external pressure which it experiences ; the 
amount of such change is a constant quantity, and is 
always calculated by the law of Boyle and Mariotte^ 
whidi states that " the volume of a gas is inversely as 
the pressure which it sustains, if the temperature re- 
main the same." 

The normal or standard pressure is that of a column 
of mercury measuring 760 millimetres. The mercurial 
barometer is the instrument used to determine this 
and all other pressures in calculations of gaseous 
volumes. 

The following examples will serve to illustrate the 
mode of applying Boyle and Mariotte's law for the 
calculations of gaseous volumes : — 

Example 6. — 100 litres of gas are measured off at 
the normal pressure : what will they measiu^e if the 
pressure be reduced to 750 m.m., the temperature 
remaining the same? 
The volume will be inversely as the pressure. 

M.m. M.m. Lit. at 760 m.m. Lit. at 750 m.m. 

.•.As 750 : 760 : : 100 : x 

760 X 100 
x = ' — — r: 101*3 litres at 750 m.m. 

When there is a change both in the temperature 
and pressure, the resulting volume may be arrived at 
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either by calculating for die temperature first and for 
the pressure afterwards, or both together. 

Example 7. — 100 litres of gas are measured off at 
30° C. and 765 m.m. pressure : what will they measure 
at the normal temperature and pressure ? 

Litres at 0° 



Vols. Vols. Litres 

at 30'. at o*. at 30*. 



.0 «* ^o «^ ^^o and 765 HLin. 



pressure. 



Correction for ) ,^, ,^ . ,^, . . to.. . * 
1. i- /■ 273 + 30 : 273 : : 100 : x 

temperature \ ^^ ^ ^ '^ 

Litres at Litres at o* 
0° and and 762 m.m. 
765 m.m. pressure. 

Correction for ) 760 : 765 : : * : *' 

pressure J ' •^ 

273 X 100 765 
•'• ^ = .n. — ^ ^o — 9°'^^ ^^- of litres at 
303 7^0 qo q and 760 m.m. 

pressure. 

The Crith, — This is the name which Dr. Hof- 
mann has given to the weight of a litre of hydrogen 
at the normal temperature and pressure. It forms a 
standard unit of volume, extremely useful in calcu- 
lations, as will presently be seen. Its weight is '0896 
gramme. 

As the densities of elementary gases are identical 
with their atomic weights, hydrogen being unity, — 

I litre of hydrogen weighs i crith. 

I „ oxygen „ 16 criths. 

I „ nitrogen „ 14 „ 

I „ chlorine „ 35-5 „ 

And in the exceptional cases, — 

I litre of phosphorus vapour weighs 62 criths. 
I „ mercury „ „ ipo „ 
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Example 8.— What is the weight of 50 litres of 
trogen at the normal temperature and pressure ? 

Grammes. 

I litre of nitrogen weighs 14 criths = 14 x -0896 

Grammes. 

. 50 litres do. 50 x 14 criths = 50 x 

14 X '0896 = 6*272 grammes. 

Example 9. — How many litres will 50 grammes of 
cygen measure at the normal temperature and pres- 
ire? 

Grammes of Grammes of Litre. Litres, 
oxygen. oxygen. ^ 

As i6 X '0896 : 50 xi 1 I X 

SO 

r =r _- — 34-87 No. of litres of oxygen. 

16 X -0896 ^ ' 

The densities of all compound gases are equal to 
If their molecular weights. This arises from the 
t that all molecules at the same temperature and 
assure occupy the same volume, and that this volume 
equal to two volumes of hydrogen. One volume of 
irogen is the unit for comparison of densities, and 
Tefore one volume only of the compound must be 
ighed for its density, but this one volume is half 
molecule. 

Density of HCl = ^ "^ ^^'^ = 1825 

Do. OH2 (vapour) = - - = 9 

Do. NH, = "--^^ = 8-5 

^d convertiiig these densities into criths, we 
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I litre of HCl gas . . 18*25 criths. 

I „ OH2 (vapour) . . 9 „ 

I 99 NHs . . .8*5 „ 

The weight, therefore, of a litre of any compound 
gas or vapour is equal to half the molecular weight in 
criths. 

Example 10. — ^What is the weight of 10 litres of 
hydrobromic acid gas at the normal temperature and 
pressure ? 

I + 80 

Weight of I litre of HBr = = 40*5 criths. 

2 
„ 10 litres „ =: 40*5 x 10 „ 

And I crith = '0896 gramme. 

Grammes. 
• • . 40*5 X 10 criths = ^0896 X 40*5 X 10 = 36*288. 

Example 11. — How many litres of HCl gas at the 
normal temperature and pressure can be obtained by 
acting on 100 grammes of sodic chloride with sul- 
phuric acid ? 

The reaction is shown by the following equation : — 

2NaCl 4- SOjHoa = 2HCI + SOaNao,. 

2(23+35-5) 2(1 +35*5) 

= 117 =73 

117 grammes of common salt therefore yield 73 
grammes of HCl gas. 

NaCl. NaCl. HCl. HCL 

As 117 : 100 : : 73 : ^ 

X = ^^^ ^ ^^ = 62*39 grammes HCl from 
^ ^ 7 1 00 grammes of NaCL 

Grammes. 

I litre of hydrochloric acid gas = 18*25 x '0896. 
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Grammes HCI. Grammes HCl. Litre. Litres. 
.'.As i8'25 X '0896 : 62*39 • • I ' ^ 

X =: -s —^-TT-F = 3^*15 ^i^^^ o^ hydrochloric 

18-25 X -0896 acid gas. 

Dr. Williamson has adopted a different standard 
volume, which may be used with advantage in many 
calculations. It is the volume occupied by i gramme 
of hydrogen at o* C. and 760 m.m., which equals 1 1*19 
litres. The same space is occupied by 35*5 grammes 
of chlorine, 16 grammes of oxygen, 14 grammes of 
nitrogen, 8*5 grammes of ammonia gas, and 18-25 o^ 
hydrochloric acid. 

By this standard the 62*39 grammes of HCl can be 
converted into litres as follows : — 

Gram. HCI. Gram. HCl. Litres. Litres. 
As 18*25 • 62*39 • • 11*19 : X 

lo 25 

The two results are not exactly the same, because 
11*19 litres is not the exact measurement of i gramme 
of hydrogen, and *o896 is not the exact weight of a 
litre of hydrogen, but the results approximate suffi- 
ciently for all practical purposes. 

Hexad Elements. 

Sulphur— S2. 

Atomic weight and sp. gr. of vapour, 32. Molecular weight, 
64. Molecular volume, normal at 1000°, but only one-third of 
the normal molecular volume at temperatures near its boiling 
point. I litre of its vapour weighs 32 criths. Atomicity, VI., 
IV., and II. 

Occurrence in Nature. — Much of the sulphur 

employed in this country comes from Sicily and other 
volcanic districts, where it is met with in the free or 



124 THE ELEMENTS OF INORGANIC CHEMISTRY. 

uncombined state. In combination with iron, anti- 
mony, zinc, lead, copper, and other metals, as sul- 
phides, it occurs abundantly in nature ; in union with 
oxygen it is found combined with calcium, barium, 
strontium, &c., as sulphates; it is present in small 
quantities in all animal and vegetable substances. It 
exists in the dbumen of eggs. The blackening of 
silver spoons used with eggs is owing to the formation 
of the sulphide of silver. 

Properties. — ^At ordinary temperatures this ele- 
ment is a pale yellow crystalline solid. 

Sulphur melts at i lo* C, becoming a thin amber- 
coloured liquid ; when heated to 220° it thickens like 
treacle. In this state it may be poured from a flask 
into cold water, when it retains for some time a soft, 
flexible condition, like gutta-percha ; this is the amor- 
phous condition of sulphur. If it be raised to a tem- 
perature of 420* it boils ; and if the vapour be con- 
ducted into a cold chamber it condenses in crystals 
known as sublimed sulphur^ or flowers of sulphur. 
The roll sulphur or brimstone of commerce is formed by 
running it when in a melted state into wooden moulds. 
Sulphur is readily inflammable, taking fire when 
heated to about 240®; it bums with a blue flame, 
taking up oxygen, and forming sulphurous anhydride, 
SO2. 

Sulphur in many of its chemical relations bears a 
close analogy to oxygen. Like oxygen it combines 
with two atoms of hydrogen, forming SHj, strictly 
analogous in its structure to OH,. These atoms of 
H may be successively replaced by atoms of K or Na, 
just as in the case of water. Most of the oxides 
of the metals have their corresponding sulphides, 

as BaO, BaS; AsaOa, As2S8; A82O5, ASsS,; 
'Cu'aO, 'Cu'aS ; CuO, CuS ; &c. 
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In these sulphidesthe sulphur is almost always a diad. 
Sulphur assumes several allotropic forms, of which 
the following are the principal : — 

1. Octahedral crystals, as in native sulphur, and by 
evaporating solution of sulphur in carbonic disulphide. 
This form is soluble in carbonic disulphide. 

2. Prismatic crystals, as in roll sulphur. 

3. Plastic or amorphous, prepared as stated above ; 
it is insoluble in carbonic disulphide. 

4. Powder of a yellow or orange colour, also inso- 
luble in carbonic disulphide. 

Sulphur is used extensively in the manufacture of 
gunpowder, matches, and sulphuric and sulphurous 
acids ; also in medicine. 

Compounds of Sulphur with Basylous 

Elements. 

Sulphuretted Hydrogen, or Hydrosulphuric 

Acid 9 SH2, is a gas which is evolved from volcanoes, 
and is found in solution in spa waters, such as those 
at Harrogate, and in waters which contain both 
oiganic matter and sulphates. It is a constant pro- 
duct of the decay of animal and vegetable matter. 

Preparation. — i. it is usually prepared by acting 
on ferrous sulphide with dilute sulphuric acid :— 

FeS + SO,Ho» = SH, + SO^Feo". 

The gas is liberated without heat, and 
an ordinary gas bottle {Fig. 1 1) may be 
used. It should be collected over warm 
water. A solution of the gas may be 
prepared by passing it into cold water 
{Fig, 12), contained in a bottle, which 
should be only half full. The bottle fig. xi. 
should be closed with a stopper from 
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time to time, and the contents well shaken up. In 
this manner the water becomes more quickly saturated 
with the gas. 

Hydrochloric acid may be substituted 
for the sulphuric in this process, but it 
does not answer so well. 

The ferrous sulphide is made by 

holding a roll of sulphur in contact with 

a piece of wrought iron heated to a 

white heat; the fluid sulphide should 

be allowed to drop into a bowl of water. 

Fig. 12. It may also be prepared by projecting 

a mixture of iron borings and powdered sulphtu: into 

a red-hot fireclay crucible, in small portions at a time, 

2. Antimonious sulphide is heated with strong 
hydrochloric acid in a gas bottle {Fig, ii) : — 

SbA + 6HC1 = 2SbCl8 + sSH^ 

The gas obtained by this process is pure. 

3. By heating sulphur in hydrogen gas. 

Properties. — Sulphuretted hydrogen, at the com- 
mon temperatiu'e, is a transparent colourless gas, 
haying a most disagreeable odour, and very deleterious 
to animal life. If this gas be mixed with half its bulk 
of oxygen and kindled, it bums with a blue flame, 
depositing its sulphur, tiius : — 

2SH, 4- O, = 2OH, + S,. 

If, however, a sufficient supply of air or oxygen be 
added previous to combustion, the mixture explodes, 
and no sulphur is deposited, thus : — 

2SH, + 3O, = 20Ha + 2SO,. 

When mixed with chlorine the whole of the sulphur 
is liberated, the chlorine uniting with the hydrogen. 
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Water, at the ordinary temperature, dissolves from 
two to three times its own volume of this gas; the 
solution is used as a test. It soon spoils by absorp- 
tion of oxygen, and is best prepared as wanted. The 
gas has the properties of an acid, reddens litmus, 
and is called hydrosulphuric add, A piece of white 
blotting-paper dipped in a solution of plumbic acetate 
(sugar of lead) is .immediately blackened by the 
smallest trace of this gas. This method is frequently 
adopted to test the purity of coal gas. Silversmiths 
usually bum their gas outside, owing to the sulphuretted 
hydrogen^ usually present in small quantities in coal 
gas, blackening the silver by the union of the sulphur 

with that metal Its specific gravity is — "^ = 17. 

One litre of it therefore weighs 17 criths. Its mole- 
cular volume is normal. 

Uses. — Sulphuretted hydrogen is invaluable to the 
analyst as a general or group reagent. It precipitates 
the following metals as sulphides from acid solutions 
of any of their salts : — Pb, Cu, Bi, Cd, Hg, Sn, Sb, Au, 
and Ft; and the following metals from solutions of 
their salts previously made alkaline by addition of 
ammonic hydrate : — Fe, Co, Ni, Mn, and Zn as sul- 
phides, Cr and Al as hydrates. Some of the metals 
can be recognised at once by the colour of the pre- 
cipitated sulphide. 

The following equations will illustrate the action of 
the reagent : — 

SOsCuo" + SH, = SOaHOa + CuS. 

Cupric Sulphuretted Sulphuric Cupric 

siUphate. hydrogen. acid. sulphide. 

aBiCl, + sSHj = 6HC1 +.BLS3. 

Bismuthous Bismuthous 

chloride. sulphide. 
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SOjFeo' + 2 AmHo + SH, = SOaAmo, + FeS + 2OH,— 

Ferrous Amnionic Ammonic Ferrous 

sulphate. hydrate. sulphate, sulphide. 

Sulphuretted hydrogen acts as a reducing agent in- 
some cases ; the following is a familiar example : — 

2Te'"2Cl« + 2SH, = 4Fe"Cl2 + 4HCI + S^. 

Ferric Ferrous 

chloride. chloride. 

Hydrosulphyl, SsHj, or Hs, (persulphide of hy- 
drogen). — This substance is prepared by mixing a 
solution of calcic disulphide with HCl :— 

CaSa + 2HCI = S2H2 + CaCl^ 

It is the analogue of hydroxy!, and performs the 
same functions in sulphydrates that hydroxyl does in 
hydrates, e, g. : — 

Zincic hydrate, ZnHoj ; zincic sulphydrate, ZnHss. 

Carbonic Disulphide, CS'V— This substance is 

also known as bisulphide of carbon. It is a heavy 
volatile liquid, boiling at 45% and having a sp. gr. of 
I '2 6. The molecular volume of its vapour is normaL 
It has a very offensive odour, resembling that of rotten 
cabbage, and its vapour is poisonous. It dissolves 
iodine, bromine, phosphorus, oils, fats, gutta-percha, 
caoutchouc, &c. It is employed to extract oils from 
seeds and refuse wool. It refracts light powerfully^ 
and is on this account used for filling prisms for 
experiments on light. It combines with alkaline sul- 
phides to form sulphocarbonates, which are carbonates 
in which the oxygen is replaced by sulphur, e. g. : — 

SNaa + CS2 = CSNas2. 

Sodic sulphide. Sodic sulphocarbonate. 

Preparation. — It is prepared on the large scale 
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by passing the vapour of sulphur through an iron 
cylinder containing charcoal heated to redness. The 
gaseous product is passed into a well-cooled con- 
denser, where it liquefies : — 

C + S = CS2. 

Compounds of Sulphur with Oxygen and 

HydroxyL 

These compounds are somewhat numerous, and 
some of them are of great importance in the arts. 

Sulphurous Anhydride, S^^Oj.— This com- 
pound may be prepared in a variety of ways. 

1. By burning sulphur in air or oxygen : — 

Sa-h 202= 2S0a. 

2. By reducing sulphuric acid with copper, mercury, 
or charcoal : — 

2SO2H02 + Cu = BOgCuo" + 2OH3 + SO2. 

^SOaHOa + C = 20Ha + 2SO2 + COa- 

The real reducing agent in the first of these examples 
18 the nascent hydrogen displaced by the copper. 
Pxocess 2 is conducted in a gas bottle {Fig. 1 1). The 
gas must be collected over mercury or by displace- 
ment^ as it is soluble in water. 

Froperties« — A transparent, colourless gas, having 
the suTOcating odour of burning sulphur. It liquefies 
at — 10®, or under a pressure of two atmospheres at 
ordinary temperatures. The rapid evaporation of the 
liquid produces great cold. Water at 0° absorbs and 
combines with 69 times its volume of this gas, pro- 
ducing a solution of sulphurous acid : — 

OHa + SOa = SOHOa. 

Sulphurous acid. 
K 
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The gas passed into water in which metallic 
hydrates or carbonates are dissolved or suspended 
converts them into sulphites ; e.g,^ — 

ONaH + SO2 = SOHoNao. 

Hydric-sodic 
sulphite. 

COCao" + SO2 = SOCao" + CO2. 

Calcic 
sulphite. 

This gas has bleaching properties, and is used for 
bleaching straw used in plaiting, and woollen goods. 
The plaiters in Bedfordshire suspend their plait in a 
tea-chest, and set fire to some sulphur in an iron dish 
at the bottom ; the top of the chest is then covered 
over with a sack. If violets, or any coloured flowers, 
be suspended in a jar of this gas, the colour is 
entirely removed. Litmus paper dipped in a solution 
of sulphurous acid is first reddened, then bleached. It 
has also the power of arresting animal decomposition, 
and is therefore useful as a disinfectant and antiseptic. 

Sulphurous Acid, SOHo,.— We have seen that 
this substance is produced when sulphurous anhydride 
combines with water. It cannot, however, be per- 
fectly freed from water. The solution of it resembles 
the gas in taste and smell, and it converts hydrates 
into sulphites. 

This acid is a powerful reducing agent. Thus it 
reduces ferric salts to the ferrous condition, being 
itself converted thereby into sulphuric acid : — 

SO. >(Fc Oo)^ + SOH02 + 0H,=2SO,Feo" + 2SO2H02. 
SO,-- 

Ferr!c Sulphurous Ferrous Sulphuric 

sulphate. acid. sulphate. acid. 
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Sulphuric Anhydride, SO3, is a solid, and may be 
obtained by gently heating Nordhausen sulphuric acid 
in a retort, provided with a receiver, surrounded by 
a freezing mixtujre. The vapour, on reaching the 
receiver, is condensed into white silky crystals. 

It may also be prepared by heating sulphuric acid 
with phosphoric anhydride in a retort. The sulphuric 
acid is deprived of water by the phosphoric anhydride, 
thus : — 

SO,Ho, -f P^O, = 2PO,Ho + 8O3. 

Phosphoric Metaphosphoric Sulphuric 
anhydride. acid. anhydride. 

Sulphuric anhydride has no acid properties ; but 
when thrown into water it hisses like red-hot iron, 
combining with the water, and forming sulphuric acid. 
On expostire to the air it liquefies by the absorption 
of moisture. 

Sulphuric Acidi S0,H02. — This is a most im- 
portant compound. It is extensively used in the 
manufacture of soda from common salt, for bleaching, 
for dissolving indigo, dyeing, calico-printing, and nu- 
merous other purposes. It has been known from the 
fourteenth century. 

ManufjEU/ture. — In Great Britain this manufacture 
is of great national importance, and is carried on to a 
vast extent. 

The method adopted in the manufacture of sul- 
phuric acid depends on the formation of sulphurous 
anhydride, and its subsequent conversion into sul- 
phuric acid by the combined action of oxygen and 
moisture. It is therefore entirely a synthetical process. 

Sulphur, either in the form of native sulphur or iron 
pyrites^ is burnt in a furnace freely supplied with air, 
whereby sulphurous anhydride is formed (Fig. 13), — 
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S, + aO, = 2S0„ 

which is passed into a chamber made of sheet lead, 
and supported by a fiamework of wood. An iron 
pot or crucible hangs over the fire, containing a 
mixture of sodic nitrate and sulphuric acid, from 




Fig. 13. 

which are evolved mixed fiimes of nitric acid and nitric 
peroxide.* These mingle with the sulphurous anhy- 
dride, and pass with it into the chamber, through a 
short, wide pipe. Jets of steam also play into the 
room, and the floor is covered with water to the depth 
of a few inches. Four substances are therefore essen- 
tial for the production of sulphuric acid, viz., sul- 
phurous acid, air, water, and nitric acid. 

Sulphurous acid has already been stated to be a 
reducing agent, becoming sulphuric acid at the expense 
of the substance reduced. It does not combine readily 
with free oxygen, but it rapidly deprives many bodies, 
such as nitric acid, of a portion of the oxygen which 
they contain. The following reactions may therefore 
be regarded as taking place within the chamber : — 

The nitric acid vapour on coming in contact with 
sulphurous anhydride is deprived of an atom of 
oxygen, thereby being reduced to nitric peroxide, 



♦ See Preparation of Nitric Acid. 
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whilst at the same time the sulphurous anhydride 
becomes sulphuric acid, thus : — 

2lIOaHo + SOa = SOjHo, + N3O4. 

Nitric Sulphurous Sulphuric Nitric 

acid. anhydride. acid. peroxide. 

The nitric peroxide, however, does not remain in 
this state, but suflfers further deoxidation until it 
becomes reduced to nitric oxide, thus : — 

N2O4 + 2SO, + 2OH2 = 2SOaH02 + NaOi- 

Nitric Nitric 

peroxide. oxide. 

The nitric oxide suffers no further reduction, but 
in contact with the oxygen of the air it. becomes 
once more nitric peroxide (see Properties of Nitric 
Oxide), — 

H,0,-h02 = NA; 

which is again destined to be reduced by the action 
of a fresh supply of sulphurous anhydride. Thus the 
nitrogen compounds derived from the nitric acid 
fumes are capable of acting again and again as 
carriers of oxygen from air to the sulphurous acid, and 
a limited quantity would act continuously and to an 
indefinite extent, were it not that a portion is con- 
tinually escaping along with the atmospheric nitrogen 
into the tall chimney with which the chambers are 
connected. 

The above is the simplest view that can be taken 
of the reactions which occur in the vitriol chamber. 
Many chemists believe that they are much more com- 
plex. Thus, probably, nitrous anhydride is one of 
the nitrogen products at work, — 
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4NO2H0 + 4SO, + 20H, = 4SO2Ho2 + 2N2OS; 

Nitric Sulphurous Sulphuric Nitrous 

acid. anhydride. acid. anhydride. 

and the nitrous anhydride thus formed is either con- 
verted by water into a mixture of nitric acid and nitric 
oxide (both of which we have seen are capable of 
oxidizing sulphurous acid to sulphuric acid), or it 
acts directly as the oxidizer of sulphurous anhydride. 
The following are equational expressions of both re- 
actions : — 

3N2O3 + OH2 = 2NO2H0 + 2N,02. 

Nitrous ^ Nitric acid ^^^^ 

anhydride. ^^^^' J^iitncacia. ^^^^ 

N2O3 + SO2 + OH2 = SO2H02 + N20^ 

Nitrous Sulphurous Sulphuric Nitric 

anhydride, anhydride. acid. oxide. 

A peculiar white crystalline compound, to which the 
following formula has been assigned, is observed to 
be produced in the vitriol chamber : — 

S02(N^02) r y^^^^ crystalline compound of Brli- 
SO ^N^O ) ^ ^^^^ ^^^ "^^ ^^ Provostaye. 

And it is believed that this is an intermediate product 
in the formation of sulphuric acid, for it is imme- 
diately converted into SO H02 and N2O3 on contact 
with water, thus : — 

S02(N02) 

O + 2 OH, = 2SO2HO2 + NaOs. 

S02(N02) 

When the water on the floor of the leaden chamber 
is found to contain a sufficient amount of sulphuric 
acid, it is drawn off and concentrated in leaden pans 
up to a density of 17, which is sold as ** brown oil 
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of vitriol ;" or it is further concentrated in platinum 
or glass vessels up to a density when cold of i'845 
or 1*85, and is then known in commerce as "double 
oil of vitriol." This is the strongest English acid. 

Sulphuric acid is also formed when water is added 
to sulphuric anhydride, or hydroxyl to sulphurous 
anhydride, and it is slowly produced when sulphurous 
anhydride is exposed to Uie action of the air. 

Properties. — Sulphuric acid is a colourless oily 
liquid of intensely acid reaction. It boils at 327° C, 
and distils unchanged. Organic matter is rapidly 
charred and destroyed by it. When mixed with water 
great heat is evolved ; it has a great affinity for water. 
Gases are frequently dried by being transmitted 
through this acid. 

When the vapour of sulphuric acid is passed over 
red-hot platinum it breaks up into SO2, OH2, and 
oxygen. With the aid of heat it decomposes all salts 
containing acids more volatile than itself; it is there- 
fore extensively used in the preparation of other acids 
(see Preparation of Nitric and Hydrochloric Acids). It 
is a dibasic acid, and forms stdphates with bases, 
most of which are soluble in water, but none of 
them in alcohol. 

The molecular volume of sulphuric acid vapour is 
abnormal, being 4 volumes, owing probably to dis- 
sociation. 

Test — Baric chloride or nitrate in dilute solution 
gives a white precipitate of baric sulphate with dilute 
sulphuric acid, or a solution of a sulphate ; the precipi- 
tate is insoluble in nitric acid. 

( SO,Ho 

Nordhausen Sulphuric Acid. \0 , is . a 

(SO,Ho 
kind of add manufactiured on the Continent from 
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crystallized ferrous sulphate, SOHoFeo",60Hj, which 
is first well dried in order to drive oflf most of the water 
of crystallization, and then distilled at a red heat in 
an earthenware retort 

It fumes in moist air, has a sp. gr. of 1*9, and is 
used for dissolving indigo, and for the preparation rf 
sulphuric anhydride. 

HyposulphuroUS Acid, SS^OHoj, is not known 
in the free state. In combination with metals it forms 
hyposulphites, for the preparation of which the student 
is referred to sodic hyposulphite, the most important of 
these salts. The acid may be regarded as sulphuric acid 
in which one of the atoms of oxygen is replaced by sul- 
phur, and it is obtained by thq sulphuration of sulphin:- 
ous acid, and is sometimes called sulphosulphuric acid. 

Four other oxy-acids of sulphur are known, but as 
they are not at present of great practical importance, 
their names and formulae only will be given. As the 
usual nomenclature has already been exhausted in the 
names of the foregoing acids, the Greek noun for 
sulphur (deioy) is made use of for the names of these 
acids : — 

Dithionic acid. 



Trithionic acid. 



Tetrathionic acid. 



Pentathionic acid. 



SeOaHOj 

(SO,Ho 

(SO2H0 
SO2H0 

S" 
S" 

S02H0 
f S02H0 

S" 
S" 
S" 
L SOjHq 
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Halogens. 

Chlorine, Bromine, Iodine, Fluorine. 

Chlorine and its compounds have ahready been 
described. The members of this group possess a 
remarkable resemblance to one another, and there is 
a curious gradation in their atomic weights, specific 
gravities, bleaching properties, and physical condition. 
They combine directly with ihetals to form salts, and 
with hydrogen they form hydracids. 

By a careful study of the halogens a great similarity 
will be observed in their chemical characters, the chief 
diflferences being in the intensity of their chemical 
action. They all unite with hydrogen, forming acids, 
and produce similar salts by the substitution of metals 
for this hydrogen. The similarity between the first 
three is very remarkable. They all unite with silver, 
forming curdy precipitates, insoluble in nitric acid. 

Monad Elements {continued). 

Bromine— Brg. 

Atomic wL and sp. gr. of vapour, 80. Molecular weight, 
160. Molecular volume, normal, i litre of vapour weighs 80 
criths. Atomicity, I. 

Occurrence in Nature.— As magnesic bromide, 
MgBrg, in sea water. Abundant in the waters of the 
Dead Sea. 

Preparation. — It is obtained from bittern, the 
liquor which remains after most of the salts have been 
removed from sea water by evaporation. A current 
of chlorine gas is passed through the bittern which 
hberates the bromine, which is combined chiefly with 
magnesium, and the bromine is then taken up by 
ether: — 

MgBrg + CI2 = MgCla + Brg. 

Bromine may also be made by acting on a bromide 
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with manganic oxide and sulphuric acid. The reaction 
is analogous to that which Hberates chlorine from a 
chloride under like conditions. 

Properties. — A deep red heavy liquid, giving oflf 
offensive red ftimes; the name bromine is derived 
from PputfjLOQ (a stench). The liquid boils at 63® C, 
and freezes at - 20** C. It dissolves in water slightly, 
but abundantly in ether and carbonic disulphide. 
Bromine has bleaching properties when associated 
with water, but in a less degree than chlorine. 
Powdered antimony and arsenic bum in bromine 
vapour, and most metals are attacked by it and con- 
verted into bromides. It is much used in the pro- 
duction of organic compounds ; it is also used largely 
in photography. 

Hydrobromic Acid, HBr. — This acid may be 
prepared by heating a bromide with phosphoric acid 
in a flask with delivery tube ; the liberated gas may then 
be conducted into water, in which it freely dissolves : — 

3KBr + POH03 = POKos H- 3HBr. 

Potassic Phosphoric Potassic Hydrobromic 

bromide. acid. phosphate. acid. 

Or it may be obtained in solution by parsing a current 
of sulphuretted hydrogen through water containing 
bromine : — 

2SH2 -f 2Br2 = 4HBr + Sg. 
The sulphur separates and may be filtered off. 

Hydrobromic acid forms bromides when treated 
with metallic oxides or hydrates. (See analogous for- 
mation of chlorides from hydrochloric acid.) 

Bromic Acid, < oHo- — ^^^^ ^^^^ ^^ "^^^^ ^y ^^ 

following process : — ^bromine is added to a warm solu- 
tion of potassic hydrate so long as it loses colour : — 
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6KH0 + 3Br, = sKBr + { §^0 + ^OH^. 

Potassic Bromine Potassic Potassic 

hydrate. bromide. bromate. 

The bromate is separated from the bromide by crys- 
tallization. The potassic bromate is converted into 
baric bromate by adding solution of baric chloride to 
it, and separating the two products by crystallization, 
and the baric bromate is then treated with sulphuric 
add, which liberates bromic acid, and insoluble baric 
sulphate precipitates, which may be filtered off : — 

OBr 

Bao" -f SO2H02 = 2 l^gg^ + SO^Bao''. 

OBr 

Baric Sulphuric Bromic Baric 

bromate. acid. acid. sulphate. 

Bromic acid closely resembles chloric acid. It is 
easily decomposed. Alkaline bromates, when heated, 
yield oxygen and bromides. 

Iodine— 12. 

Atomic weight and sp. gr. of vapour, 127. Molecular weight, 
254. Molecular volume, normal. i litre of vapour weighs 
127 criths. Atomicity, I. 

Occurrence in Nature. — it is found principally 

in sea plants, which derive it from sea water. It also 
occurs in mineral waters. 

Preparation. — The fused ashes of seaweeds, 
called kelpy are treated with boiling water, which dis- 
solves out considerable quantities of sodic carbonate 
and chloride and other salts, and potassic iodide ; the 
sodic salts, &c., are crystallized out as far as possible, 
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and the potassic iodide remains in the mother liquor, 
which is then treated with manganic oxide and sul- 
phuric acid, and distilled ; the iodine distils over, the 
reaction being analogous to that which yields chlorine 
and bromine by simUar treatment This process may 
be imitated by placing in a retort connected with a 
receiver a strong solution of potassic iodide, a little 
powdered binoxide of manganese, and sulphuric acid : 
on the application of heat a beautiful violet vapour 
passes over, which condenses in the cold part of the 
retort and receiver in small shining scales. 

Properties. — ^At ordinary temperatures iodine is a 
solid, having a bluish black metallic appearance, like 
black-lead. It fuses at 107% and boils at 180% passing 
into a vapour of a splendid violet colour — the name 
iodine being derived from Mtiq (violet-coloured). The 
sp. gr. of the solid is 4*95. It is slightly soluble in 
water, but freely in alcohol and ether, the solutions 
of which are brown. Carbonic disulphide and chloro- 
form also dissolve it, the solutions being violet like 
the vapour. 

Iodine stains the skin yellow; it acts violently on 
the animal system, and is used in medicine. 

When iodine is free, it produces a splendid blue 
colour in contact with starch. If the iodine of any 
soluble iodide be first liberated with a little clilorine 
water, it is then capable of producing this characteristic 
colour with starch : — 

2KI H- CI, = 2KCI -h I,. 

Bromine also liberates iodine from its combinations. 
Iodine combines with metals, forming iodides. Its 
properties are similar to those of chlorine and bromine, 
but possess less energy. Its compounds are much 
used in photography. 
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Hydriddic Acid, HI. — ^This acid is a gas, but it 
may DC obtained in solution by passing sulphuretted 
hydrogen through water in which powdered iodine is 
suspended. In this case the sulphur of the sulphu- 
retted hydrogen is liberated, and the hydrogen com- 
bines with the iodine, forming hydriodic acid, 2SH2 
+ 2I2 = 4HI + Sg. The liquid is warmed, filtered, 
and a colourless solution of the acid is obtained, 
which soon becomes of a brown colour on exposure 
to air, by its decomposition into free iodine and water, 
4HI + 02 = 2OH2 + 2I2. 

The gas is best prepared by cautiously adding a 
small quantity of water to phosphorous triiodide and 
collecting by displacement : — 

PI3 + 3OH2 = POHHO2 -f 3HI. 

The phosphorous acid remains in solution. 

It may also be obtained by processes analogous to 
those employed in the preparation of HBr and HCL 

This gas is very heavy, its molecular weight being 
128, and its density ( = half molecular weight) is 64. 
It is decomposed by chlorine, bromine, nitrous, nitric, 
and sulphuric acid, and slowly by air. It forms iodides 
with bases, and dissolves many metals with evolution 
of hydrogen : — 

Zn H- 2HI = Znig + Hg. 

Iodic Acid, \ nxjo* — '^^^^ ^^^^ ^^ obtained from 

baric iodate by processes analogous to those which 
yield bromic acid, to which the student is referred. 
It may also be produced by oxidizing iodine with 
strong boiling nitric acid, or with chlorine water. The 
following equation explains the latter process : — 
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I2 + 6OH2 + 5CI = 2 l^g^^ + loHCL 

Solution of iodic acid is readily reduced by sulphurous 
acid, the solution becoming brown from separated 
iodine. 

When iodic acid is poured into a solution of 
hydriodic acid, iodine is liberated : — 

{ OHo + 5HI = 30Hj + 3V 
'alS. "^^d""'^ Water. Iodine. 

lodates are formed by similar means to those which 
yield bromates and chlorates, which they closely 
resemble. lodates, when heated, break up into 
iodides and oxygen, or into oxides, iodine, and oxygen. 

Periodic Acid, \ O , is produced by decompos- 

lOHo 
ing plumbic periodate with sulphuric acid, and de- 
canting the solution from the insoluble plumbic sul- 
phate. It crystallizes from its solution in deliquescent 
oblique rhombic prisms. It is easily reduced by or- 
ganic matter, and instantly by ordinary reducing agents. 

Sodic periodate, from which other metallic iodates 
may be obtained by double decomposition, is pre- 
pared by passing chlorine gas through mixed solutions 
of sodic iodate and hydrate. 

Periodic acid, when heated to 160°, and iodic acid, 
when heated to 170°, yield their respective anhydrides. 

Fluorine— Fg. 

Atomic weight, 19. Probable molecular weight, 38. Molecular 
volume, normal. Atomicity, I. 

Occurrence in Nature.— Owing to the powerful 

affinities of this element for the metals, also for silicon 



:1 



^ 
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and hydrogen, it has never been with certainty isolated. 

fc most frequent combination is with calcium, as 

calcic fluoride, Ca^Q, or ^uor spar^ and as the mineral 
cryolite^ 6NaF,'Al'"3^6. It exists also in a state of 
combination in the bones and teeth of animals. So 
hi as it has been examined, it is said to be a gas, like 
chlorine. 

There is no known oxygen compound of fluorine ; 
but in combination with hydrogen it forms an acid 
known as hydrofluoric acidy HF, which, by the dis- 
placement of its hydrogen, furnishes fluorides. The 
compounds of fluorine are closely analogous to those 
of chlorine, bromine, and iodine. 

Hydrofluoric Acid, HF. — To obtain this com- 
pound, the powdered calcic fluoride is heated with two 
or three times its weight of concentrated sulphuric acid 
in a platinum or lead retort connected with a receiver 
of the same metal, kept cool by being surrounded 
with a freezing mixture. A volatile colourless liquid 
is obtained, which emits suffocating white fumes in 
the air. It unites with water, and even very dilute 
solutions attack glass. It has, therefore, to be kept 
in leaden or gutta-percha bottles. 

The decomposition is easily explained : — 

CaF2 + SOaHOa = 2HF + SOaCao". 

Calcic Calcic 

fluoride. sulphate. 

If the concentrated acid be dropped upon the 
skin, it occasions ulcers of a very malignant and 
dangerous kind. It is used to etch or engrave 
letters on glass. The glass to be operated upon is 
first covered with beeswax, and the lines to be etched 
scratched through with a needle or any sharp-pointed 
instrument The glass is then exposed to the action 
of the vapour of hydrofluoric acid, or the acid is 
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l>oured upon it in a liquid state. Where the glass is 
unprotected \>nth wax it is corroded. It is in th» 
manner that thermometers and other glass vessels are 
graduated. The power of the acid to etch glass may 
be obser\'ed by having a leaden saucer, into which 
some ]X)wdered fluor spar and sulphuric acid are 
placeil. The glass to be etched is first covered with 
a coating of ^"ax, and the device drawn upon it with a 
penknife so as to remove the wax from those parts to 
be etched. The glass, which should cover the leaden 
saucer, is placed on the top, with the waxed side 
downM."ards. The saucer should be gently heated, 
care being taken that the temperature does not rise 
sufficiently to melt the wax. In a few minutes the glass 
may be removed and cleaned by holding it near a fire, 
or over a Bunsen flame, until the wax melts, when it 
may be wiped off, and the glass poHshed with a clean 
cloth. 

The following equation explains the reaction of 
hydrofluoric acid on the silica of glass : — 

SiO, + 4HF = SiF, + 2OH2. 

Silicic Hydrofluoric Silicic ^^ . 

anhydride. acid. fluoride. ^ ^^* 

Tetrad Elements {continued). 

Silicon— Si. 

Atomic weight, 28*5. Atomicity, IV. 

Occurrence in Nature.— After oxygen this ii 

the next most abundant element It is always founc 
combined either with oxygen as Jiint, quartz, sand 
chert, rock crystal, opal, and chalcedony, which are dif 
ferent forms of the substance known as silica, Si02, o\ 
with metals and oxygen as silicates. 
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like carbon and boron, silicon can be obtained in 
tile three allotropic forms. 

Amorphous silicon can be obtained by heating 
potassic silicofluoride with eight or nine times its 
ii6^X. of potassium, in a glass or iron tube ; the pro- 
duct is carefully washed to free it from the potassic 
fluoride and excess of potassium : — 

SiF4,2KF 4- 2K3 = Si + 6KF. 

Potassic Potassic 

silicofluoride. fluoride. 

The silicon remains as a brown amorphous powder, 
insoluble in water and nitric acid. It bums brilliantly 
in the air, becoming silicic anhydride. 

Graphitoid Silicon. — This is prepared by fusing five 
ports of potassic silicate, ten of cryolite^ and one of 
aluminium in a fireclay crucible. The button of 
aluminium when treated with hydrochloric acid is 
found to contain silicon in scaly crystals. 

Diamond or Adamantine Silicon is obtained by pass- 
ing the vapour of silicic chloride over aluminium : — 

aSiCl* + 2AI2 = 2'Ar"2Cl8 + Sis. 

Silicic Aluminic 

chloride. chloride. 

The silicon is obtained in octahedra, which are suf- 
ficiently hard to scratch glass. 

Silicic Anhydride (Silica), SiOa, has already been 
stated to be an abundant natural production j its 
purest natural form is rock crystal, which occurs in 
fiix-sided prisms, terminated by six-sided pyramids. 
The crystals are hard enough to scratch glass ; they 
melt to a transparent glass when heated before the 
oxyhydrogen blowpipe. The crystals are insoluble 
in water and all acids except hydrofluoric. 

In its crystallized state, coloured with some metallic 

L 



T46 THE ELEMENTS OF INORGANIC CHEMISTRY. 

oxide, it forms precious stones, such as bloodstm* 
agiUeyjaspery onyx^ camelian^ and opal. Silica exist 
abundantly in many plants. It gives stiffness to t&e 
straw of wheat, barley, and oats. 

Amorphous silica is obtained by heating silicic add 
to 100® : — 

8iH04 = SiO, + 2OH2. 

Tetrahasic Amorphous Water, 
silicic acid. silica. 

Silicic Acid, — UtrabasiCy SiHo4 ; dibasic^ SiOHoi 
— This is a gelatinous substance, obtained by pourini 
hydrochloric acid into a solution of potassic or sodi' 
silicate (soluble glass) ; the mixed solutions mus 
be evaporated to some extent, and then allowed t 
cool: — 

8iK04 + 4HCI = SiHo4 + 4KCI. 

Potassic Hydrochloric Silicic Potassic 

silicate. acid. acid. chloride. 

The disintegration of granite, which contaii 
potassic silicate, by the carbonic anhydride of tl 
atmosphere, may be illustrated by passing that g 
through a solution of potassic silicate : — 

SiK04 + 4OH, + 4CO, = SiH04 + 4COH0K 

Potassic Water. Carbonic Silicic Hydric-potasi 
silicate. anhydride. acid. carbonate. 

The following, however, is the most interestii 
mode of preparing silicic add : — 

Equal parts of fluor spar, CaFa, powdered glass, ai 
sulphuric acid, are mixed together in a flask. A gla 
tube, at least half an inch in diameter, should proce< 
from the flask and dip three quarters of an inch in 
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mercury. The jar containing the mercury is now 
Dearly filled with water; and a gentle heat is applied to 
the flask. The decomposition is rather complex. The 
fet effect is the disengagement of hydrofluoric acid, 
by the action of the sulphuric acid upon the calcic 
fluoride, and this, in contact with the silicic anhydride 
of the glass, undergoes decomposition, forming water 
and silicic fluoride, which latter escapes from the flask 
as a gas ; but when it comes in contact with water, 
after it has passed through the mercury, it is decom- 
posed, silicic and hydrofluosilicic acids being formed. 
Decompositions in the flask : — 

(l.) CaFj + SOaHOa = SOaCao" + 2HF. 
(2.) 4HF + SiOa = 20Ha + SiF,. 

Decomposition in contact with the water, after 
passing through the mercury; — 

sSiF* + 40Ha = SiH04 + 2SiF4,2HF. 

Silicic Hydrofluosilicic 
acid. acid. 

The silicic acid forms a jelly-like precipitate, while 
the hydrofluosilicic acid remains in solution, and may 
be filtered off*. If a solution of a potassium salt be 
added to the hydrofluosilicic 2iC\^^ potassic silicqfluoride, 
used in the preparation of amorphous silicon, is ob- 
tained as a gelatinous mass. Barium is precipitated 
fi-om solution of its salts by hydrofluosilicic acid as 
baric silicofluoride. A solution of the acid is kept in 
the laboratory for the purpose *of separathig barium 
and strontium, the salt of the former metal being in- 
soluble in alcohol, while that of the latter is soluble. 

By evaporating in vacuo a solution of SiHo4 at 16° 
the dibasic acid, SiOHoa, is said to be obtained. 
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The principal soluble silicates are potassic and sodic 
silicates (soluble glass) ; for an account of the latter see 
sodic silicate (p. 188). 

Silicic Fluoride, SiF4. — This is a gas, and is 
always produced when hydrofluoric acid acts on glass 
or silicic anhydride : — 

SiO, + 4HF = 2OH, + SiF^. 

Silicic Hydride, SiH*.— This is a gas sponta- 
neously inflammable in air, obtained by acting on 
magnesic silicide with hydrochloric acid : — 

Si'^Mg', + 4HCI = SiH, -h 2MgCl2. 

Magnesic Hydrochloric Silicic Magnesic 

silicide. acid. hydride. chloride. 

When it bums in air it yields silicic anhydride and 
water : — 

SiH4 4- 20, = SiOa + 2OH2. 

Silicates form a considerable portion of the solid 
crust of the earth ; the names and formulae of some of 
the most commonly occurring ones are here given. 

Felspar, orthose Si^^eOgKoaCAl'^aOe)^. 
„ albite SieOsNaoaCAl^'A)^. 
Talc . . Si'^OeMgo"*. 

( SiHoMgo^ 
Serpentine . < Mgo*. 

i SiHoMgo^ 
Peridote . SiMgo^a. 
Steatite . SiiOjMgo'V 

Anorthite . Si2Cao"('Ar206)^'. 
Labradorite . Si302Cao"('Al'"a06)^^ 

C/ay^ shaky and slatCyZiQ aluminic silicates of varying 
composition, often containing in admixture, ferric 
oxide and calcic carbonate. 
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Pentad Elements {continued). 

Phosphorus— P4. 

Atomic weight, 31. Sp. gr. of vapour, 62. Molecular weight, 
124. Molecular volume, normal, i litre of vapour weighs 62 
criths. Atomicity, V. and III. 

This substance was discovered by Brandt, of Ham- 
burgh, about 200 years ago. Its name is derived from 
^y lights and ^cpcM, I bear. 

Occurrence in Nature.— it is a constituent of 

the older rocks, in which it occurs as phosphates \ by 
the crumbling down of these rocks it passes into the 
soil, from which it is taken up by plants, and it then 
passes as food into the bodies of animals, where in the 
form of calcic phosphate it serves the purpose of giving 
stiffness and rigidity to the animal frame. Besides 
forming the bony skeleton, it is foimd in the brain, 
nerves, and urine. It thus occurs in the mineral, 
vegetable, and animal kingdoms. 

Preparation. — Brandt made his phosphorus 
from urine, but it is now manufactured almost exclu- 
sively from calcined bones, or sombrera guano, both 
of which are calcic phosphate. The following is an 
outline of the process : — Well-calcined bones are 
reduced to powder, and mixed with two-thirds their 
weight of dilute sulphuric acid ; after some time the 
mixture is filtered. The calcic sulphate which has 
been formed by the sulphuric acid is an insoluble 
compound, and easily separated on the filter. The 
liquor is then evaporated to the consistence of treacle, 
mixed with charcoal powder, and transferred to an 
iron vessel, which is heated till all moisture is ex- 
pelled. After this mixture has been thoroughly dried 
it is heated strongly in a stoneware retort, from 
which a wide tube dips into watgr contained in 
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the receiver. The phosphorus distils over in a soft 
condition, and is moulded in hot water into cylin- 
drical sticks. 

The following chemical changes take place during 
the above process : — Bone ashes are tricalcic diphos- 
phate ; sulphuric acid removes two of the three atoms 
of calcium as under : — 

PaOjCao", + 2SO2H0., = PaOjHoiCao^ + 2S02Cao\ 

Tricalcic Tetrahydric-calcic Calcic 

diphosphate. diphosphate. sulphate. 

By the evaporation of the liquid containing the 
tetrahydric-calcic diphosphate and subsequent drying 
with charcoal, water is expelled, and the residue is 
calcic metaphosphate, which when distilled with 
charcoal yields carbonic oxide and phosphorus, and 
leaves a residue of tricalcic diphosphate, thus : — 

3P204Cao" + Cio = PaO^Cao's + loCO 4- P4. 

Calcic Tricalcic Carbonic 

metaphosphate. phosphate. oxide. 

The mixture of tetrahydric-calcic diphosphate and 
calcic sulphate obtained by treating bones with sul- 
phuric acid is known to the farmer under the name of 
superphosphate of lime. The solubility of this phos- 
phate is its chief recommendation, as plants can only 
absorb their food when it is soluble in water. 

Properties. — Common phosphorus, manufac- 
tured according to the foregoing process, is a yellowish 
waxy-looking substance, which gives off white fumes 
and an odour of garlic in air. It melts at 44° to a 
transparent fluid, and boils at 290% passing into a 
colourless vapour. It should be carefully handled, as 
it is liable to take fire if held in the warm hand, and 
then produces a serious bum : it is kept in water, in 
which it is insoluble, and it is best to cut it while 



PHOSPHORUS. 151 

jr water. It readily dissolves in carbonic disul- 
e ; if this solution be dropped upon paper, linen, 
it quickly dries up, leaving the phosphorus in a 
J divided state, which immediately bursts into 
J, setting fire to the article with which it is in 
let Phosphorus takes fire spontaneously in the 

air at a temperature a little above its ftising 
:, becoming phosphoric anhydride. 
d or amorphous phosphorus is an allotropic modi- 
on of phosphorus. It is obtained by heating 
aon phosphorus for several hours in an atmosphere 
rbonic anhydride at a temperature of 230"^ to 250°. 
I powder, insoluble in carbonic disulphide, is the 
: : this variety of phosphorus can be kept in dry 
ithout change ; but when it is heated up to 260° it 
3 into flame, passing at the same time into common 
treous phosphorus. This variety is not poison- 
ioes not become luminous in the dark, has no 
ncy to combine with oxygen unless heated 
yly, and may be carried about without fear. It 
Sscovered by Professor Schrotter. 
hitCy blacky and viscous phosphorus are also 
n. The first is produced when common phos- 
is is exposed under water to light for some time, 
3 frequently found as a crust on sticks of phos- 
is which have been kept. 

osphorus is extensively used for the manufacture 
cifer matches. As the phosphorus would be 

to ignite by exposure to the atmosphere, it is 
1 up with glue or gum water. The ends of the 
les arefirst dipped in sulphur, paraffine, or stearine, 
into the phosphorous mixture, and afterwards into 
k mixture of potassic chlorate, potassic nitrate, or 
other substance rich in oxygen and gum; they are 
removed to a stove and carefully dried. About 
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200,000 to 250,000 lbs. of phosphorus are used an- 
nually in London in the manufacture of these matches* 
When the surface of the match is broken by friction 
the phosphorus first takes fire ; this inflames the sul- 
phur, which ignites the wood : the cracking noise is 
owing to the potassic chlorate. Red phosphorus 
is gradually superseding the common variety for this 
manufacture, as its use is less liable to be attended 
by risk of fire or explosion ; moreover, the workmen 
who have to breathe the fumes of common phosphorus 
are often afflicted with a distressing disease of the 
lower jaw, to which those who use red phosphorus 
are not liable. 

Compounds of Phosphorus with Hydrogen. 
Gaseous Phosphoretted Hvdrogen, PH,.— 

I. This gas is most readily obtained by boiling a small 
quantity of a strong solution of potassic or sodic 



quantity of a strong solution of potassic or sodic 
hydrate, to which a small piece of phosphorus has 




Fig. 14. 



been added. * The operation is best performed in a 
3 or 4 oz. retort, having a wide long beak. (See 
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% 14.) Half a fluid ounce of the potassic hydrate 
solution and ten grains of phosphorus are suitable 
quantities to use. The fluid should be heated gently 
until a flash is seen in the retort, when the beak 
should be immediately placed under water ; the gas 
will quickly begin to pass over, and will ignite spon- 
taneously as soon as it comes in contact with the 
atmosphere : the product of the combustion, phosphoric 
add, forms beautiful revolving rings of white smoke. 
The experiment is a very pretty one, and is easy to 
perform if the above conditions are complied with. 
A gentle heat should be applied continuously ^ as other- 
wise the water will recede into the retort ; for the gas 
is somewhat soluble in water. When the experiment 
is drawing to a close the beak of the retort should be 
removed from the water, and then the lamp may be 
taken away. The following is the reaction : — 

3OKH -f P4 + 3OH2 = PH3 +- 3POH2K0. 

Potassic Phosphoretted Potassic 

hydrate. hydrogen. hypophosphite. 

2. Phosphoretted hydrogen may also be obtained by 
heating in a retort either phosphorous or hypophos- 
phorous acid : — 

a, 4POHH02 = 3POH03 4- PH3. 

Phosphorous acid. Phosphoric acid. 

h. 2POHaHo = POH03 + PH3. 

Hypophosphorous acid. Phosphoric acid. 

The gas prepared by (2) is not spontaneously inflam- 
mable, but it is pure; that obtained by (i) contains 
free hydrogen and vapour of liquid phosphoretted 
hydrogen ('P'jHi), the presence of which last sub- 
stance seems to be essential to its spontaneous inflamma- 
bility. A solid phosphoretted hydrogen is also known. 

Phosphoretted hydrogen combines directly with 
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hydriodic and hydrobromic acids in the nascent con 
dition, producing bodies analogous to ammoniuin 
compounds : — 

PH3 + HI = PHJ. 

Phosphoretted Hydriodic Phosphonic 
hydrogen. acid. iodide. 

Phosphorous Trichloride, PCI3.— This sub- 
stance is much used in organic investigations. 
It is readily prepared by passing chlorine into 
a retort containing heated phosphorus. The phos- 
phorus must be kept in excess. The experiment 
requires care, or it may prove dangerous. Phos- 
phorous chloride is a colourless liquid, with an 
offensive odour. Water decomposes it into hydro- 
chloric and phosphorous acids : — 

PCI3 + 3OH2 = 3HCI -f POHHo,. 

Phosphorous Water. Hydrochloric Phosphorous 
chloride. add. acid. 

Phosphoric Chloride, PCI5. — This substance is 
also much used in organic chemistry. It is prepared 
by passing chlorine through the trichloride. It is 2 
white, solid, crystalline substance. Water decomposei 
it, forming hydrochloric and phosphoric acids : — 

PCI5 -h 4OH2 = 5HCI + POHo,. 

There are very marked similarities between the 
chemical characters of nitrogen and phosphorus, ai 
will be seen when a few of their combinations ari 
compared, as follows : — 

Compounds of nitrogen : — 

NH,; NCI3; NIa; N2O3; N2O5; NOaHo. 
Compounds of phosphorus : — 

PH,i PClai PI3; PaOa; PaO^ i PO.Ho. 
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The chief differences axe these : — Phosphorus does 
^oi form salts — such as AmCl, SOaAmOj, &c. — which 
mid have the composition PH4CI, S02(PH40)2, &c., 
I'th the exception of (PH^)! and (PH4)'Br, already 
3ticed (p. 124); yet in organic chemistry even this 
fference disappears, and salts of these types are 
)ll known, containing phosphorus in the place of 
TOgen. 

Phosphorus forms more acids than nitrogen- Nitric 
lydride assimilates only one molecule of water, 
is: — N2O5 4- OHj = 2NO2H0; whereas phos- 
mc anhydride takes three, thus: — P2O5 + sOHj = 
OHoj ; still this is only after some time, for when 
)sphoric anhydride is added to water, only one atom 
water unites at first, — P2O5 + QHg = 2PO2H0, 
ning an acid strictly analogous to nitric. 

Oxides and Ozy-acids of Phosphorus. 
Phosphorous Anhydride, F'^Oa, and Phos- 

OrouS Acid, P^OHHo2. — When phosphorus is 
vly oxidized in a limited supply of dry air, P2O3 
formed, which is a white inflammable powder, 
eh readily dissolves in water, producing fiie acid 
HH02:— 

P2O3 + 3OH2 = 2POHH02. 

Phosphorous Phosphorous 

anhydride. acid. 

'ake a glass tube, about one foot long and half an 
I in diameter ; at about two inches from one end 
i the tube at an obtuse angle, drawing the end 
he shorter limb out into a conical shape, leaving 
perture about the size of a pin's point. Into the 
end of this tube, at the angle, place a small piece 
iiosphorus, carefully dried by folding it in blotting- 
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paper. Gently heat the tube where the phospho 
lies by means of a spirit lamp, when the phospbo 
will take fire and bum with a greenish flame. Oi 
a small quantity of air enters the tube through t 
small aperture. The anhydride condenses as a wh 
powder in the upper cold part of the tube. This 
solid phosphorous anhydride. 

Phosphorous acid may also be prepared from pb 
phorous iodide, PI3. To prepare this phosphorc 
iodide, place a small piece of dry phosphorus in 
test-tube, cover it with about eleven times its wei| 
of iodine ; the two bodies combine energetically wi 
out any application of heat. After the action is g\ 
water is added, when the following decomposit 
takes place : — 

PI3 + 3OH2 = POHH02 -h 3HI. 

Phosphorous Hydriodic 
add. acid. 

Phosphoric Anhydride, P^Oj, is obtained 

burning tragments of phosphorus in a laige glob 
jar, through which dry air is made to pass betvs 
each combustion of phosphorus. It is a snow-w 
substance, very deliquescent ; it combines with w 
with a hissing noise. It is used for drying gases, 
for the preparation of sulphuric anhydride. 

Metaphosphoric Acid, PO2H0.— This acii 

the first result of the action of phosphoric anhyd 
on water : — 

PaOs + OH2 = 2PO2H0. 

It is also obtained by heating orthophosphoric a 
POHO3, to redness : — 

POH03 = PO2H0 + 2OH2. 
When metaphosphoric acid is boiled with wat€ 
isco nverted into orthophosphoric acid; 
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The metaphosphates are prepared by expelling by 
iesitf water or a volatile base, or both, from an ortho- 
jiosphate. The following are examples : — 

POHoNaoAmo = P02Nao + AmHo. 

Microcosmic salt. Sodic Ammonic 

metaphosphate. hydrate. 

POHOgNao = P02Nao + OHg. 

Dihydric-sodic Sodic 

phosphate. metaphosphate. 

Metaphosphoric acid is monobasic. 
ftrrophosphoric Acid, P2O3H04.— This acid is 
rabasic, and is so named because its salts are 
tained by heating to redness phosphates which con- 
n two atoms of a fixed base : — 

2POHoNao2 = PaOsNaOi. + OHg. 

Hydric-disodic Sodic Water, 

phosphate. p3rrophosphate. 

To prepare this acid, a solution of sodic pyrophos- 
ite is added to a solution of plumbic acetate (sugar 
lead), and the precipitated pyrophosphate is filtered 
, washed on the filter, and then suspended in water, 
ilst a current of sulphuretted hydrogen is passed 
ough the fluid. The plumbic sulphide formed is 
ered off, and the fluid is a solution of pyrophos- 
wic acid : — 

'o08PbO"2 + 2SH2 = 2PbS + P2O3HO4. 

Phimbic Sulphuretted Plumbic Pyrophosphoric 

ophosphate. hydrogen. sulphide. acid. 

Phosphoric Acid, Orthophosphoric Acid, 

)Ho8. — There are several methods of preparing 
s acid, some of which have already been noticed 
e pp. 154, 155). The phosphoric acid of the Pharma- 
)ceia is prepared by boiling phosphorus with nitric 
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acid in a retort, until it dissolves, and then evap 
rating the liquid in a porcelain dish until red funn< 
cease to come off. It can also be prepared by treai 
ing htme asA with a considerable excess of sulphunc 
acid ; after heating, the mixture is filtered, to separate 
calcic sulphate, and ammonic carbonate, COAmOj, 
is added to the filtrate till effervescence ceases. By 
again filtering, e\'aporating the filtrate to dryness, and 
igniting the residue to expel the ammonic salts, 
phosphoric acid is obtained. 

Phosphoric acid is not poisonous ; it is, however, a 
po^^^erful acid, reddens vegetable blues, and with bases 
forms a large and important class of salts, called phos- 
phates. The acid prepared with nitric acid, when 
boiled and then allowed to cool, forms a transparent 
solid resembling ice, which is hence called giociai 
phosphoric acid. 

Tests. — The varieties of phosphoric acid are dis- 
tinguished from one another by means of a solutioi 
of argentic nitrate, with which — 

a. Orthophosphoric acid gives a canary-yellow pre 

cipitate of POAgo,. 
^. Pyrophosphoric acid gives a white precipitate c 

PsOsAgo*. ...» 
c, Metaphosphoric acid gives a white gelatinoi 

precipitate of PO,Ago, soluble in excess. 
Metaphosphoric acid coagulates albiunen ; the othe: 
do not, 

Orthophosphoric acid gives with a mixture of an 
monic chloride, ammonic hydrate, and magnesic su 
phate, a white crystalline precipitate of POAmoMgo 
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Arsenic— AS4. 

Atomic weight, 75. Molecular weight, 300. Molecular volume, 
nonnal. i litre of arsenic vapour weighs 150 criths. Atomicity, 

Occurrence in Nature. — It is sometimes found 

native, but more frequently in combination with oxy- 
gen, sulphur, iron, nickel, and cobalt. 

Manufacture. — The ores containing arsenic are 
heated in a reverberatory furnace, and the volatile 
products condensed in a chimney of peculiar con- 
struction. The crude arsenious anhydride thus pro- 
duced is purified by sublimation. It is then reduced 
with charcoal in an earthenware retort, and the metal 
easily sublimes. 

• Properties. — ^This metal is of a steel-grey colour. 
When heated, it oxidizes into arsenious anhydride, 
A82O3. It combines with the metals, like sulphur 
and phosphorus, and unites with oxygen in two pro- 
portions, forming arsenious anhydride, AS2O8, and 
arsenic anhydride, AS205. Arsenic volatilizes at 180°, 
giving off a vapour which has a strong odour of garlic. 
The metal has a specific gravity of 57. It is crystal- 
Ime and very brittle. Its molecule, like that of phos- 
phorus, contains four atoms. No oxy-salts are known 
in which arsenic performs the functions of a basylous 
element. 

Its chemical characters particularly resemble those 
of phosphorus, and it may be conveniently studied in 
connection with that substance, along with the other 
two pentad metals, bismuth and antimony, which also 
have a strong analogy to phosphorus and nitrogen. 
Their principal compounds are constituted on the 
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t)rpes of the following general formulae, in which IS 
represents the pentad element : — 

MH3, MH4CI ; M2O3, MA. 

Principal Compounds of Arsenic. 
Arseniuretted Hydrogen, AsHg, is produced 

when nascent hydrogen acts on an arsenic compound: 
it is usually prepared by putting arsenious acid into a 
hydrogen apparatus along with zinc and dilute sul- 
phuric acid : — 

AsHo3+3Zn-f3SO2Ho2=3SO,Zno'-f30Ha4^AsH, 

It is also readily obtained by acting on an alloy 
zinc and arsenic with dilute sulphuric acid. 

Arseniuretted hydrogen is a colourless gas, havin: 
the smell of garlic. It bums with a blue flame, pre 
ducing arsenious anhydride and water with free acces 
of air, — 

2ASH8 + 3O2 = AS2O3 + 3OH2; 

but when the supply of air is limited, as it is when 
cold piece of porcelain is held in the flame, tl: 
hydrogen alone bums, and the metallic arsenic is d* 
posited on the cold surface : — 

4AsH8 + 30a = As* -h 60Ha. 

The gas is also decomposed when passed through 
red-hot tube into arsenic and hydrogen : — 

4AsH8 = As4 + 6H2. 

It is exceedingly poisonous, and should therefore b 
prepared with great caution. 

Silver is precipitated from a solution of argenti 
nitrate by this gas, nitric and arsenious acids remainin 
in solution. 

Arsenious Anhydride (white oxide of arsenic 
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ASjOj, is prepared by heating arsenic in contact with 
the air. It is soluble in hot water, and crystallizes in 
transparent octahedra. The alkalies dissolve this 
compound readily, forming arsenites. It is a power- 
ful poison. In experimenting with arsenic compounds 
the student should avoid inhaling the vapours. 

Arsenious acid, AsHog, is only known in solution. 
Scheei^s green is a hydric-cupric arsenite, AsHoCuo". 

Arsenic Anhydride, AS2O5.— This compound is 

produced by dissolving arsenious anhydride in hot 
hydrochloric acid, and oxidizing with nitric acid so 
long as red vapours are produced. The solution is 
then carefully evaporated to dryness. It slowly dis- 
solves in water, the solution being slightly acid \ on 
being evaporated, it yields, after some time, crystals 
of arsenic acid, AsOHog. When the anhydride is 
heated it is decomposed into arsenious anhydride 
and oxygen. 

Arsenic acid resembles in the closest manner 
phosphoric acid:— 



Arsenic acid . 
Metarsenic acid 
Pyrarsenic acid 



AsOHoa. 
AsOgHo. 
ASaOsHo^. 



Hydric-disodic arsenate, AsOHoNao2, cannot be 
distinguished in appearance from the corresponding 
phosj5iate. It may be prepared by adding a solution 
of sodic carbonate to a solution of arsenic acid until 
the acid is completely neutralized, and then evapo- 
rating. 

Biarsenious Disulphide (Realgar), AsjSa, which 

is found native, and can be formed artificially by 
heating arsenic with the atomic proportion of sulphur, 
is employed in painting, and for making white fire, 

Arsenious Sulphide (Orpiment), AsaSg, is also a 

M 
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natural compound. It may be prepared by precipi- 
tating a solution of arsenious anhydride in hydro- 
chloric acid with hydrosulphuric acid : after the lapse of 
some time a higher sulphur compound is precipitated. 

Sulpharsenic AnhydridejAsaSfijisnotimportant 

The three sulphides of arsenic are sulphur anhy- 
drides. Thus, if sulphuretted hydrogen be passed 
through a solution of arsenious anhydride, a precipitate 
of arsenious sulphide is formed. The addition of 
ammonic or potassic sulphide completely dissolves it, 
on account of the formation of ammonic or potassic 
sulpharsenite, thus : — 

AsA + sSK, = 2AsKss. 

The addition of hydrochloric acid reproduces the 
precipitate, thus : — 

AsKs, + 3HCI = 3KCI + AsHss. 
This latter compound, being unstable, decomposes 
thus : — 

2AsHsg = 3SH2 + . ASjSa. 

Sulpharsenlous Sulphuretted Sulpharsenious 
acid. . hydrogen. anhydride. 

Exactly analogous reactions occur with sulpharsenic 
anhydride, forming sulpharsenates. 

Tests. — Argentic nitrate is added to a solution of 
arsenious acid in water ; on the addition of a drop or 
two of ammonic hydrate a yellow precipitate of the 
argentic arsenite is thrown down, very soluble in am- 
monic hydrate and nitric acid. 

Cupric sulphate, on the addition of a little alkali, 
added drop by drop, produces a yellow-green preci- 
pitate of ScheeUs green^ soluble in ammonic hydrate. 

Sulphuretted hydrogen is passed through a solution 
of arsenious acid, previously acidulated with a few 
drops of hydrochloric acid ; a copious bright yellow 
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precipitate of arsenious sulphide is thrown down, 
soluble in amnionic hydrate, and can be re-preci- 
pitated by sulphuric or hydrochloric acid. 

The detection of arsenious acid when mixed with 
the contents of the stomach is much more difficult. 
The presence of organic matter so interferes with the 
action of the tests just given as to render their results 
worthless in a matter of so much importance. In in- 
vestigations of this kind the two following tests are 
applied. 

MarsJCs Test — This test depends on the fact that 
nascent hydrogen combines with arsenic, as already 
explained, and forms therewith arseniuretted hydrogen. 
A hydrogen bottle, fitted with a tube bent at right 
angles, and terminating in a jet, is supplied with zinc 
and dilute sulphuric acid, both of which should be 
free from arsenic. When the air has been all chased 
out a light may be applied to the jet, the flame of 
which should not stain a surface of white porcelain 
when brought in contact with it. When this condi- 
tion is fulfilled, the substance to be tested may be in- 
troduced into the hydrogen bottle, and after a short 
time the jet of gas relighted and tested again with the 
white porcelain; if arsenic be present a brilliant black 
metallic film will appear on the porcelain. If the 
ddiveiy tube be heated to a red heat the gas will be 
decomposed, and arsenic deposited as a metallic ring 
inside the tube, behind the heated portion. The gas 
passed through solution of argentic nitrate precipitates 
metallic silver as a black powder. 

RdnscJis Test — The poisoned liquid is made acid 
with hydrochloric acid and slips of clean copper foil, 
wire, or gauze introduced. The liquid is now boiled 
for a few minutes, when, if arsenic be present, it will 
be found on the surface of the copper as a gc^^^ fiVm. 
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The slips of copper are carefully washed, dried, intro- 
duced into a glass tube, which is then heated ; the 
arsenic is quickly converted into arsenious anhydride, 
which condenses on the cold surface of the tube in 
minute octahedral crystals. 

Antimony— Sb. 

Atomic weight, 122. Probable molecular weight, 4S8'. 
Atomicity, V. and III. 

Occurrence in Nature.— Chiefly in combina* 

tion with sulphur as grey antimony ore, SbzSs, called 
also stibnite; also as an oxide. 

Preparation. — The ore is first fireed from earthy 
impurities by fusion ; the sulphur ia then removed firom 
it by heating it with metallic iron or potassic car- 
bonate : — 

Sb2S3 + 3Fe = Sb, + 3FeS. 

Antimonious Antimony. Ferrous 

sulphide. sulf^ide. 

Antimony is also obtained by roasting the ore, by 
which treatment it is partially converted into oxide ; 
this is then reduced by fusing it with charcoal and 
sodic carbonate. 

Properties. — ^Antimony is of abluish white colour, 
highly crystalline, having a fine metallic lustre. It has 
a sp. gr. of 67, and fuses at 43o^ It is so brittle that 
it can be reduced to powder in a mortar. It melts 
below a red heat, and volatilizes at a white heat It 
is not acted upon by air at the common tempera* 
ture. If strongly heated, it bums with a white flame, 
producing crystals of antimonious oxide. It is dissolved 
by hydrochloric acid with evolution of hydrogen and 
the production of the chloride. Nitric acid converts 
it into antimonic acid. 
. Antimony^ as an alloy with lead, forms the type- 
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etalofitit printer; and with tin, Britannia mdal. It 
too brittle to be used done, but its alloys have 
imerous applications. 

Principal Compounds. 
Antimoninretted Hvdrogen, SbH,, also called 

ibim. — This compouna is produced when a soluble 
timony compound is acted on by nascent hydrogen, 
d is obtained by the same process as that which 3rield8 
leniuretted hydrogen (arsine), which it closely re- 
nbles. It bums with a greenish flame, forming 
timonious oxide and water. A cold piece of porce- 
Q held in the flame is stained by a fllm of metallic 
timony, and antimony is also dq>osited as a metallic 
g when the tube through which the gas passes is 
ated to redness. When passed through a solution of 
^entic nitrate, a black precipitate, antimonious ar- 
Dtide, SbAgs, is formed ; this property serves to 
itinguish it from arseniuretted hydrogen. 

Antdmonious C^ride, SbCl,, ifuUer of anti- 

ny. — This compound is obtained when hydro- 
phuric acid is generated by the action of hydro- 
loric acid on the native antimonious sulphide : — 

SbaSs + 6Ha =.3SH2 +. 2SbCl,. 
te residual solution is then distilled until each drop 
the condensed vapour, on falling into the water of 
5 receiver, produces a white precipitate. The 
reiver is then changed, and the proqess carried on. 
le air should be carefully excluded. Alkaline solu- 
ns decompose antimonious chloride, producing the 
rresponding hydrate. Powdered antimony takes fire 
chlorine gas, forming this chloride. With water it 
dergoes aecomposition, forming antimonious oxy- 
loride as a white precipitate : — 



i 
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SbCU + OH, = 2HCI + SbOCL 

Andmonioiis Antimoniou^ 

chktride. oxychloiide. 

Antimonic Chloride, SbCU, is prepared if 

passing a stream of dij oilorine over metallic anti- 
mon\\ gently heated in a porcelain tube, or, better ^ 
still, by passing chlorine over antimonious chloride. 
It is a colourless volatile liquid, which produces anti- 
monic oxydiloride, SbOCU, when acted on with a 
small quantity of water, and antimonic acid, SbOHo» 
when an excess of water is used. It will be noticed 
that the constitution of this acid resembles that of 
l^osphoric add, POHo^ 

Antimonious Sulphide, 8biS», is the native suV 

))hide iirom which the metal is obtained. It may b^ 
jvrepared artificially by passing sulphuretted hydroge^ 
mto solution of antimonious chloride. The sulplud^ 
separates as a fine orange-coloured precipitate : — 

tSbCU + SSH, = SbA + 6HC1. 

Antimomoos Antunonious 

chlorkle« sulphide. 

This compound enters into the composition of hlu^ 
s(gna/ or Boi^i/ /^"^/f , as follows : — 

Dry potassic nitrate • • 6 parts. 

Sulphur 2 „ 

Antimonious sulphide . . i part. 

Antimonic Sulphide, Sb^Sa, is ununportant It 

is produced when sulphuretted hydrogen is passed 
into solution of antimonic chloride. 

Antimonious Oxide or Anhydride, SbsO,, is 

obtained by burning metallic antimony in the air. 
The corresponding acid is obtained by pouring solu- 
tion of antimonious chloride into solution of sodic 
carbonate. Sodic chloride, carbonic anhydride, and 
metantimonious add, SbOHo, are formed. 
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itimonic Anhydride, Sb20«, is produced by 

Qg any of its acici derivatives, which are the exact 
gues of the phosphoric acids : — 

z. Orthantimonic acid . . SbOHos. 
^ Metantimonic „ . . Sb02Ho. 
:. Pyrantimonic „ . . SbaOsHo*. 

s obtained by the action of water on antimonic 

ide. 

Aqua regia converts metallic antimony into this 

» formed when hydrochloric acid is added to solu- 
of its salts. 

ffs, — Sulphuretted hydrogen precipitates anti- 
r from its solutions as an orange- coloured sul- 
;, which is soluble in yellow ammonic sulphide 
die hydrate. 

Ltimony gives a metallic film on porcelain with 
fA's testy and when the gas is passed into solution 
gentic nitrate the metal is precipitated as anti- 
ous argentide, which is soluble in tartaric acid, 
aic, under like conditions, remains in solution. . 
ac precipitates antimony from its solutions as a 
I powder. 

Bismuth— Bi. 

Atomic weight, 208. Atomicity, V. and III. 

Bcurrence in Nature. — Chiefly in the metallic 

mixed up in various rocks. 
reparation. — it is separated from its earthy im- 
ies by fusion. 

roperties. — This metal is of a reddish white 
or. It is highly crystalline, and very brittle ; its 
jr. is 9*83 ; it melts at about 265®, and volatilizes 
high temperature. It is the most diamagnetic of 
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all known substances. It is little oxidized by air in 
the cold, but bums with a blue flame when strongly 
heated. Its best solvent is nitric acid. Its com- 
pounds are analogous to those of antimony^ except 
that it forms no compound with hydrogen. 

Fusibie mdal is an alloy of 8 parts bismuth^ 5 of 
lead, and 3 of tin ; it melts below 100^. Bismuth and 
antimony form the elements in the construction of 
the thermo-electric pile. 

Principal Compounds. 
Bismuthous Chloride. BiCla, is produced by 

processes similar to those wnich yield the correspond- 
mg antimony compound, to which tke student is re- 
ferred. Its reactions with water are also analogous. 

BismutilOUS 0xid6| Bi20s. — This oxide is ob- 
tained by heating bismuthous nitrate, or by heating the 
precipitate formed by adding potassic hydrate to bis- 
muthous chloride, BiCU* It fuses at a high tempera- 
ture, and forms a powerful flux with silicious substances. 

Bismutiiic Oxide or Anhydride, Bi A^ is made 

by heating bismuthic acid. It is readily reduced to 
bismuthous oxide by heat, and to bismutilious salts by 
reducing agents, such as sulphurous acid, which con- 
verts it into bismuthous sulphate, SaOgBio'^a. Heated 
with sulphuric or nitric acid it is converted into bis- 
muthous sulphate or nitrate, with evolution of oxygen. 

Metabismuthic Acid, BiO,Ho, is obtained as a 

red precipitate when bismuthous oxide is suspended 
in a solution of potassic hydrate, and a current of chlo- 
rine is passed through it : — 

BiaOa + 4KH0 -f 2CI2 = 2Bi02Ho -h 4KCI + QHj. 

Bismuthous Metabismuthic 

oxide. acid. 



POTASSIUM. 169 

Bismnthous Nitrate (trisnitrate of bismuth), 
HiOgBio",50Hj. — This salt is prepared by dissolving 
bismuth in nitric acid. If the solution be left for some 
time, large crystals of bismuthous nitrate are de- 
posited. A basic nitrate is produced when a solution 
of bismuthous nitrate is treated with a large quantity 
of water. This salt was extensively used as a cos- 
metic, but it injiures the skin. Bismuthous nitrate is 
occasionally used in medicine. 

Tests. — ^Water added in large quantities to solutions 
of bismuth salts causes the formation of basic salts as 
white precipitates. 

With sulphuretted hydrogen a black sulphide is 
obtained, insoluble in ammonic sulphide. 

Monad Metals. 

Potassium— Ka. 

Atomic weight, 39. Molecular weight (probable), 78. 
Atomicity, 1. Sp. gr., 0*865, 

Sftcial Notice, — Potassiimi was discovered by Sir 
Humphry Davy, in 1807, by decomposing moist 
potassic hydrate (KHo) by means of a powerful 
galvanic battery. Its discovery has been of great 
importance to the progress of chemical science. 

Occurrence in Nature.— Potassium occurs in 
nature as silicate, SiKo^, in combination with aluminic 
silicate, in granite^ felspar^ micay and other igneous 
rocks. 

These rocks are decomposed by the action of the 
carbonic anhydride and moisture of the atmosphere, 
potassic carbonate (COK02) being formed (see p. J46). 

The potassic carbonate, being soluble in water, 
gradually dissolves, and so passes to the soil, from 
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which it is taken up by plants, and the potassium is 
found in their juices, generally in the form of an 
organic acid salt* It occurs also as potassic chloride 
(KCl) in saline deposits, and as chloride, bromide, 
iodide, and sulphate in sea and mineral waters. 

Preparation. — Potassium is prepared by the fol- 
lowing process : — ^A mixture of potassic carbonate and 
charcoal is prepared by heating hydric-potassic tar- 
trate (cream of tartar). When cold the mass is 
reduced to powder and mixed with i-ioth of its weight 
of charcoal in small lumps. It is then transferred 
to a well-hammered iron retort, or a bottle in which 
mercury is imported. The. retort is placed in a fur- 
nace and the fire supplied with coke and charcoal, so 
that the retort is enveloped in flame and kept at a 
uniform heat, approaching to whiteness. A copper 
receiver, divided by a partition, into one division of 
which a tolerably large pipe from the retort dips into 
naphtha and the other division filled with ice, is con- 
nected with the retort. The fire is now raised in 
temperature, and decomposition of the potassic car- 
bonate by the charcoal takes place, carbonic oxide 
(CO) is abundantly disengaged, and large melted 
drops of potassium fall into the naphtha : — 

COKoj -h 2C = Ka + 3CO. 

If the potassium is required pure it is re-distilled 
in an iron retort, and condensed in naphtha as above. 

Properties. — Potassium is a bluish white solid. 
It can DC cut with a knife. It fuses at 55°, and boils 
below a full red heat. Exposed to the action of moist 
air it speedily changes into potassic oxide (0 Kg) by union 

♦ The leaves and young parts of plants contain the largest 
quantity of potassium salts, the trunks of trees containing scarcely 
any. 
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with oxygen, and then into potassic hydrate (KHo) 
by double decomposition with the moisture ; conse- 
quently it has to be preserved beneath rock oil or 
naphtha. Thrown upon the surface of cold water, it 
decomposes it with such energy as to cause the libe- 
rated hydrogen to bum ; the resulting compound being 
potassic hydrate, which dissolves in the water : — 

2OH, + K2 = 2KH0 + H2. 

Potassic hydrate. 

When heated in dry air it takes fire, burning with a 
purple flame, and forming potassic oxide (01^2)' 
thus:— 

2K2 + 02= 2OK2. 

Uses. — Owing to its powerful attraction for oxygen 
and the other non-metallic elements, potassium is of 
use in the preparation of several of the elements, as 
boion, silicon, and aluminium (see pp. 85, 145). 

Principal Compounds. 

Botassic Oxide (potash), QKg. — This substance 
is prepared, as already stated, by exposing potassium 
to the action of dry oxygen, or by heating potassic 
hydrate with potassium : — 

2KH0 + K2 = 2OK2 + Hg. 

It is a white deliquescent solid, which is decomposed 
by water, becoming incandescent, and forming potassic 
hydrate : — 

OK2 + OH2 = 2KH0. 

Fotassic Hydrate (caustic potash), KHo. — This 
important compound is prepared (i) by decomposing 
potassic carbonate by calcic hydrate (CaHOg), thus : — 

COK02 + CaHog = 2KH0 + COCao\ 

Potassic Calcic Potassic Calcic 

carbonate* hydrate. hydrate* carbonate. 
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The calcic carbonate (COCaoO, being insoluble, 
precipitates, and the potassic hydrate remains in solu- 
tion ; the solution is decanted off, evaporated to dry- 
ness in an iron or silver dish, and the heat continued 
till the mass fuses, when it is run into cyliUdncaJ 
moulds ; when cold the sticks thus formed are removed 
to well-stoppered bottles, as otherwise it would absoit 
and combine with the moisture and carbonic anhy- 
dride contained in the atmosphere. (2) By the action 
of potassium upon water, as already mentioned :-^ 

♦ 2OH2 + Kg = 2KH0 + Hg. 

Potassic hydrate, when fused, is a hard, greyish 
white solid, having a sp. gr. of 2;2. It can be ob- 
tained in crystals forming acute rhombohedra, and 
having the composition KHo,20H2, by making a hot 
concentrated solution in water. It is highly alkaline, 
and neutralizes the most powerful acids. By dissolving 
it in water heat is evolved. It is used in the manu- 
facture of soft soap, soluble glass (potassic silicate), 
and in medicine as a caustic for dissolving the skin. 
In the laboratory it is an indispensable reagent, being 
constantly employed for absorbing acid gases, for pre- 
cipitation of metallic hydrates, &c. 

Potassic Carbonate (potashes, peariash, Ameri- 
can ashes), — ^anhydrous, COKOg; crystalHzed, COKOg, 
2OH2. — This salt, which occurs in nature to some ex- 
tent in soils, is prepared in a crude form by burning 
twigs and brushwood, in the juices of which we have 
already stated potassium occurs in combination with 
organic acids; the burning transforms the oiganic 
potassium salt into potassic carbonate, which, together 
with the other non-combustible matter, remains as the 
ash. The ashes are brought to this country from 
America and Russia. To obtain a purer article the 
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ashes are treated with water, in which the potassic 
carbonate readily dissolves, and after allowing the in- 
J soluble portions to settle, the solution is decanted off 
J ^^ evaporated to dryness. The pure carbonate is 
obtained by heating hydric-potassic tartrate (cream of 
tartar), dissolving out the resulting carbonate, filtering 
from the charcoal with which it is mixed, and evapo- 
rating to dryness. 

Potassic carbonate crystallizes in obHque rhombic 
octahedral crystals, which are deliquescent Its solu- 
tion has an alkaline taste and reaction. It is used in 
the manufactures of soap and glass, and in the prepa- 
ration of most other compounds of potassium. 

Hydric-potassic Carbonate (bicarbonate of 

potash), COHoKo. — When carbonic anhydride is 
passed into a solution of potassic carbonate, a white 
crystalline precipitate of the hydric-potassic carbonate 
is produced :—COKo2 + QHa + COg = 2COH0K0. 
This is the process employed for preparing the salt. 
It is less soluble in water than potassic carbonate, and 
has no alkaline action on litmus. Owing to its great 
purity if well crystallized, it is employed for the pre- 
paration of other potassium compounds. It is also 
used in medicine, and in making effervescing draughts. 
Foftassic Nit^te (nitre, saltpetre), NOgKo. — This 
salt is brought to this country chiefly from the East 
Indies, where it appears, in some parts, like snow on 
the surface of the ground. The nitre is collected, dis- 
solved in water, and a little potassic carbonate added 
to decompose the calcic nitrate which it usually con- 
tains, by precipitating the calcium as carbonate : — 



{ 






Cax/ + COK02 = 2NO2K0 + COCao''. 

Iff02 Potassic Potassic Calcic 

Cakicmtrate. carbonate. nitrate. carbonate. 
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The liquid is evaporated, and the nitre of commerce 
crystallizes out. In France large quantities of it are 
manufactured in the following manner : — Heaps of old 
mortar and earth are collected in open sheds, and 
freely exposed to the air. These heaps are constantly 
turned and watered with putrid urine. This process, 
which is sometimes called nitrification^ causes the 
nitrogenous matters (as ammoniacal salts, urea, &c.) 
contained in the urine to become converted into 
nitric acid, which, acting on the calcic oxide of 

the mortar, forms calcic nitrate, •< So^Cao". When a 

large quantity of this salt has been formed, the mortar 
heaps are treated with water in tanks ; this dissolves 
out the calcic nitrate; to the solution, after sepa- 
rating it from the insoluble matter, a solution of crude 
potassic carbonate is added: this causes a double 
decomposition, potassic nitrate being formed and 
remaining in solution, while calcic carbonate is pre- 
cipitated : — 

^N02c^Q„ ^ COKo« = 2NO«Ko + COCao". 



INO2 



After siphoning off the liquid from the precipitate, 
it is evaporated, and the potassic nitrate obtained in 
the solid form. 

Potassic nitrate crystallizes in rhombic prisms. It 
is soluble in water; the solution has no action on 
litmus. When the solid nitrate is thrown on a 
molten metal, oxidation of the metal occurs at the 
expense of the oxygen of the nitrate. Its taste is 
cooling and saline. It fuses without decomposition, 
and ' when cast in moulds, forms a white fibrous 
mass called sal prunella. At a red heat it loses 
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oxygen, a deliquescent mass of potassic nitrite (NOKo) 
being formed: — 

2NO2K0 = 2NOK0 + O2. 

Potassic nitrate. Potassic nitrite. 

It is used as an oxidizing agent, both in the laboratory 
and manufactory,* and very largely in the manufacture 
of gunpowder. Gunpowder is a mixture of potassic 
nitrate, charcoal, and sulphur, in the following pro- 
portions by weight : — 

Potassic nitrate ... 75 parts. 
Charcoal (carbon) . . 15 „ 
Sulphur 10 » 



100 „ 



The best charcoal for this purpose is that prepared 
from dogwood or elder. When the gunpowder is 
exploded, a quantity of gas, principally nitrogen and 
carbonic anhydride, is generated, which, owing to the 
intense heat to which it is subjected, occupies 1,500 
times the bulk of the gunpowder used, thus accounting 
for the violence of the explosion. Generally the reac- 
tion may be said to be the following, though the actual 
results are by no means so simple : — 

4NO2K0 + 60 + 82 = 6CO2 + 2N2 + 2SK2. 

Potassic Potassic 

nitrate. sulphide. 

Potassic Sulphate, SO2K02.— This salt is the 
residue of the process for manufacturing nitric acid 
from potassic nitrate ; thus : — 

2NO2K0 + SO2H02 = SO2KO2 -^ 2NP2H0. 

Potassic Sulphuric Potassic Nitric 

nitrate. acid. sulphate. acid. 



• Also as an aniiseptic, that is, as a preventive of putrefaction 
in meat, &c., -—occasionally in making nitric acid. 
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It crystallizes in two distinct crystalline forms, and 
hence is dimorphous. It is not very soluble in water. 
It is used in the manufacture of potash-alum, 

Hydric-potassic Sulphate, SO2H0K0.— When 

twice as much sulphuric acid is used as in the above 
case, this salt is the result : — 

2NO2K0 + 2SO2HO2 = 2SO2H0K0 + 2NO2H0. 

It crystallizes in rhomboidal tables. It is used occa- 
sionally as a flux, and also in calico-printing. 

Botassic Chlorate, Iqkq.— This salt is prepared 

by passing chlorine gas tlnrough a mixture of calcic 
ydrate (CaHog) and potassic chloride (KCl). Calcic 
hypochlorite (CaOClg) is first formed, and as the tem- 
perature rises it is decomposed, calcic chlorate being 
formed, which undergoes mutual exchange with the 
potassic chloride ', potassic chlorate and calcic chloride 
(CaCy being formed, thus (see pp. 81, 83) :— 
/OCl 

Cao" + 2KCI = CaClg + ^Jgg^. 
^^« Calcic chloride. Potassic cblotate* 

Calcic chlorate. 

The solution of the two salts is evaporated down, 
when the potassic chlorate separates out in crystals, 
and the calcic chloride, being a very soluble salt, 
remains in solution. 

Potassic chlorate crystallizes in rhomboidal tables 
which contain no water. It is soluble in water. When 
heated to redness it evolves oxygen, this being the 
process generally used for the production of that gas:— 

^{OKO = ^«^C1 + 30^ 

Potassic chlorate. Potassic chloride. Oxygen. 
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h deflagrates violently with combustible matter, ex- 
plosions occurring with very slight blows. It is 
largely used in the manufacture of lucifer matches; as 
an oxidizing agent in calico-printing ; and when added 
to a solution acidulated with hydrochloric acid,, is 
often used in the laboratory for the same purpose. It 
is also used in the mixture with which the friction 
tubes used for firing cannon are charged. 

Potasaic Chloride^ KCl. — This salt occurs in 
alt deposits at Stassfurt,m Germany, and other places. 
it is also obtained from ke/^y the ashes of burnt sea- 
weed. It crystallizes in cubes, is readily soluble in 
irater, and is used in the manufacture oi potash-alum 
nd potassic chlorate. 

Potassic Iodide, KI. — This salt occurs to a 
light extent in sea water. It is prepared by digest - 
ig iodine and iron filings together with water till the 
Dlution is colourless. Ferrous iodide (FeLi) is thus 
)rmed ; the filtered solution is mixed with a solution 
f pure potassic carbonate, which causes ferrous car- 
onate (COFeo*) to precipitate, while potassic iodide 
^mains in solution : — 

PeIg + COKO2 = 2KI + COFeo', 

Ferrous Potassic Potassic Ferrous 

iodide^ carbonate. iodide. carbonate. 

Tie solution is filtered to separate the suspended 
redpitate, and evaporated till the salt crystallizes on 
x>ling. 

Potassic iodide crystallizes in cubes, and is very 
)luble in water : it is also soluble in alcohol. Its 
>lution dissolves iodine, forming a deep brown liquid. 
t is used in photography and in medicine. 

Tests for Potassium Compounds. — If tartaric acid be 
ided to a solution of a potassium salt in a test-tube^ 

N 



178 THE ELEMENTS OF INORGANIC CHEMISTRY. 

the mixture agitated thoroughly and allowed to stand 
for a short time, a white crystalline precipitate of 
hydric-potassic tartrate (cream of tartar) is produced. 

Platinic chloride (PtCli) gives in solutions of potas- 
sium salts, to which a Uttle hydrochloric acid has been 
added, a yellow crystalline precipitate after agitation, 
which is a molecular combination of potassic chloride 
and platinic chloride (^^KCljPtCli). 

Compounds of potassium, when introduced on a 
loop of platinum wire into the Bunsen or blowpipe 
flame, tinge it of a purple or violet colour ; and if the 
flame be examined by the spectroscope, the spectrum 
will be found to consist of three bright Unes, two in 
the red portion and one in the violet 



Sodium— Na 



2* 



Atomic weight, 23. Molecular weight (probable), 46. 
Atomicity, I. Sp. gr., 0'97. 

Special Notice. — Sodium was discovered by Sir 
Humphry Davy in 1807, immediately after he dis- 
covered potassium. He obtained it from moist sodic 
hydrate (NaHo), by the same process as that by 
which he obtained potassium from potassic hydrate. 

Occurrence in Nature. — Sodium occurs in nature 
as sodic chloride (NaCl), which in the solid form is 
known as rock or common salt ; and in solution it 
occurs in sea water. It also occurs as silicate (SiNao*) 
in several minerals. Borax ^ trona^ and sodic nitrate 
are other compounds in which it occurs. So widely 
diffused is this metal that it can be detected in every 
speck of dust by means of the spectroscope. 

^Preparation. — Sodium is now manufactured on 
the large scale by decomposing sodic carbonate 
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lONaOg) by means of carbon. An intimate mixture 
1 parts of dried sodic carbonate, 2 parts of powdered 
ircoal, and i part of finely powdered calcic carbon- 
is made into a paste with oil, and after carbonizing 
oil by heating the mixture in an iron pot, it is 
isferred to an iron retort like that used for pre- 
ing potassium, and is distilled. The reaction is 
same as occurs in preparing potassium ; the calcic 
t)onate is used simply to prevent the charcoal 
arating from the sodic carbonate when the latter 
5s: — 

CONaOg -h aC = Naa + 3CO. 

Sodic carbonate. Carbonic oxide. 

e process is more manageable than that for pre- 
ing potassium. 

Dther processes by which it may be obtained are — 
by electrolysis of sodic hydrate (Davy's original 
thod) ; (2) by decomposing sodic hydrate at a 
ite heat by means of metallic iron : — 

^NaHo + sFe = aNag + PesO* + 2H3. 

ic hydrate. Triferric 

tetroxide. 

?ropertie8. — Sodium is a silver-white metal, soft 
ordinary temperatiures. It melts at 90°, and oxi- 
*s in dry air, passing into sodic oxide (QNas). It 
Is at a red heat. Thrown upon water, sodium 
omposes it with great energy, the temperature 
asionally rising high enough to inflame the libe- 
d hydrogen. In hot water the hydrogen takes fire 
ince, burning with a yellow flame, due to a small 
ntity of sodium vapour. In both cases sodic 
rate (NaHo) is the product; it dissolves in the 
er: — 

fOHg -h Nag = 2 NaHo + Hg. 
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• 

Uses. — Sodium is extensively used in the prepara- 
tion of the metals magnesium and alnmimum, and 
lately it has been found advantageous by Mr. Crookes 
to add a little sodium to the mercury used in the 
extraction of gold from its ores. Being cheaper than 
potassium, its atomic weight being less, and being 
little inferior to it in power of action, it may be ad* 
vantageously substituted for that metal in all possible 
cases. In the laboratory it is used as a reducing agent; 
for preparing pure sodic hydrate (NaHo) ; and many 
other purposes. 

Sodic Oxide (soda), 0Na2. — As already stated, 
sodic oxide is produced when sodium oxidizes in dry 
air (2 Nag -h O^ = 20Na2). It may likewise be pre- 
pared by heating sodic hydrate with sodium, thus : — 
2 NaHo + Na2 = 20Na2 + Hg. It is a yellowish 
white solid, which absorbs moisture from the air, 
forming sodic hydrate : — ONa^ + QHg = 2 NaHo. 

Sodic Hydrate (caustic soda), NaHo. — ^This im- 
portant compound is prepared by bmling a solution ot 
sodic carbonate ({JONaOg) with calcic hydriate (GaHo^ 
in an iron pan ; calcic carbonate (COCao*) is precipi- 
tated, and sodic hydrate remains in solution : — 

CONaog + CaHo2 = COCao' + 2NaHo. 

Sodic oarbonate. Calcic hydrate. Calcic carbonate. Sodic hydntte* 

On evaporation and fusion in an iron or silver dish 
the hydrate may be obtained in sticks, like potassic 
hydrate. Sodic hydrate is also now largely manufac- 
tured from the crude sodic carbonate obtained by 
Leblan^s process. It is found that this crude materid 
contains sodic hydrate, and by evaporating its solution, 
forcing air through it to precipitate iron and oxidize 
sulphur compounds, addition of sodic nitrate to com- 
plete the purification and fusion, large quantities of it 
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are obtained. It is extensively used in the manufac- 
ture of hard soaps and of sodic silicate (soluble glass), 
and is an indispensable reagent in the laboratory. 

Sodic Chloride (common salt), NaCl. — This well- 
knowi> $ubst9Ace occurs in nature, forming immense 
beds of rock $alt in Cheshire; Durham; in Ireland, 
near Bel^t; at Wieliczka in Poland, Cordona in 
Spain, Galicia, and Tyrol. It also occurs in sea 
water to the extent of four ounces to the gallon. 
A large quantity of salt is obtained from the brine 
springs of Droitwich ; but our chief supply is from 
the mines of Cheshire. Rock salt is always too im- 
pure for use ; and if no natural brine spring exists, 
one is formed by sinking a sbafl into the rock salt, and 
introducing water. This water, when saturated, is 
pumped up, and evaporated in large iron pans. As 
the salt separates, it is removed by means of ^ wooden 
scoop, and pressed, while moist, into moulds, aad then 
transferred to the drying stove. When large crystals 
axe required, as for bay salt^ t^e evaporation is con- 
ducted very slowly. The commercial article generally 
contains a little magnesic chloride, which renders it 
somewhat deliquescent. The following analysis shows 
the total saltsin animperial gallon of Droitwich brine : — 
Sodic chloride . . . 21,761*873 grains. 
Magnesic chloride (MgClg) 2*560 „ 

Calcic sulphate (SOgCao) . 91 120 „ 

Aluminic sulphate . . 14*400 ,, 

Sodic sulphate (SOgNaOa) 342*720 „ 

Sodic iodide . . . *2o8 grain. 

32,2i2'83o grains. 
It is also obtained from sea water by evaporation. Sodic 
chloride crystallizes in cubes, and is almost equally 
soluble in cold and hot water. It is exteiv%\\d^ u'3»^<^ 
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in the m»nufoctur« of sodic carbonate, in glazing 
ftlonewAte, AS an antiseptic in preserving meat, and it 
IS an essential constituent of animal food. 

Sodic SulDbate (Glauber's salt), SOgNao^ ; ays- 
talliiei), SO^Nao^toOH^ — This compound has been 
tbund (Hire in nature, forming the mineral called 
t%hNir¥ii&s It is prepared in enormous quantities in 
LMtm\^ M^ifss for making sodic carbonate, by acting 
u)H>n $odic chloride with sulphuric acid in an iron pan 
heattvl by a Aimace : — 

ANaCl -f SO^Ho^ = SOjNaOg + 2Ha. 

Svxliv' vhkMfi^lei Sulphuric ackl. Sodic sulphate. 

I1\e hwliochloric acid (HCl) produced passes off in the 

Ewows fornix and is absorbed by water trickling down 
rge towers filled with coke. When the deconiposi- 
t(o)\ is con\|>lete the sodic sulphate is raked out and 
allowed to solidify ; the solid mass is termed salt-cake, 
SoiUc s^iluhate is very soluble in water, and it may 
be ol^neu crystalliied in four-sided prisms; the 
crystals may be either SO^ao^; SO^NaosyyOHg; or 
8t>^NaO|»iopH^ according to the manner in which 
they are obtained. The varieties containing water are 
remarkably elHorescent* The crystals dissolve in 
hytlrochlofic acid) with great absorption of heat from 
surrounding bodies, and this mixture is consequently 
used in chemical operations as a freezing mixture where 
a low temperature is required. It has a bitter taste, 
and is occasionally used in medicine; it is also used in 
makinff ^lass. 

Hydnc^sodic Sulphate (bisulphate of soda), 

SO^HoNaa — ^When nitric acid (NO^Ho) is prepared 
in a glass retort from sodic nitrate (MO^Nao) and sul- 
phuric acid (SO^HOj) the residue in the retort is 
hydric-sodic sulphate, thus: — 

* Becoming powdery firom loss of water of crystallizatioii. 
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HOjNao + SOjHoj = SOaHoNao + NOaHo. 

Sodic nhiate. Sulphuric acid. Hydric-sodic sulphate. Nitric acid. 

It is very soluble in water, and, like hydric-potassic 
sulphate, may be used as a flux. When heated it loses 
water, and forms disodic disulphate, thus : — 

^Nao 
aSOgHoNao = QHj + 



(SO. 

(soo 



Hydric-sodic sulphate. (^ SOoNao 

Disodic disulphate. 

The disodic disulphate, when more strongly heated, 
yields sulphuric anhydride (SO3) and sodic sulphate: — 

SOjNao 

O = SOaNaOa + SOg. 

SOaNao Sodic sulphate. Sulphuric 
Disodic disulphate. anhydride. 

Sodic Carbonate (soda, soda crystals), CONaOa. — 
This most important sodium compound was formerly 
almost entirely obtained from the ash of burnt sea- 
weeds. The plants whose ash yield it are the Salsola 
soda^ grown on tha coasts of Spain ; Salicornia annua^ 
grown on the southern coast of France ; and vareCy a 
seaweed grown on the rocks on the coast of Brittany. 
The ash resulting from the combustion of these plants 
is known as barilla^ and contains about 18 per cent, of 
sodic carbonate. The natron or trona lakes of Egypt 
have also yielded it from a very remote period. These 
sources have now, however, almost entirely given place 
to what is known as Leblands process of preparing it 
from sodic chloride (common salt). 

By Leblanc^s process the sodic chloride is first con- 
verted into sodic sulphate, as described under that 
substance; the resulting sulphate is then ground to 
powder, mixed with ground calcic carbonate and 
ground coal, in XhQ proportion of 3 patl^ ol ^^^v:. '^iJv.- 
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phate, 3 of calcic carbonate, and i { to 2 of coal, gnd 
the mixture thrown in charges of 2 J cwt. on to the 
bed of a hot reverberatory furnace, where it is well 
stirred till it melts. When the mass has melted, effer- 
vescence goes on violently from the escape of carbonic 
oxide gas (CO), produced by the carbon of the fuel 
reducing the sodic sulphate to sodic sulphide (SNa^) 
by depriving it of its oxygen, thus : — 

SSOaNaOa + 20C = sSNa^ -f 20CO. 

Sodic sulphate. Sodic sulphide. Carbonic oxide. 

The carbonic oxide as it is evolved burns in jets on 
the surface "of the melted material with a greenish 
yellow flame. 

When this reduction has taken place, a second 
chemical change occurs ; the sodium of the sulphide 
and the calcium of the carbonate exchange places, 
whereby sodic carbonate and calcic sulphide, or pro- 
bably calcic oxysulphide, are produced, thus : — 
SSNa^ + 7COCao"= sCONaOa + 5CaS,2CaO + 2C0^ 

Sodic Calcic Sodic Calcic* Carbonic 

sulphide, carbonate. carbonate. oxysulphide. anhydride. 

When this change is complete the charge is raked out 
into a mould and allowed to cool ; it then forms ball 
soda, or black ash, and contains from 20 to 30 per cent 
of mixed sodic oxide and sodic carbonate ; the re- 
mainder being calcic sulphide, calcic oxide, and un- 
bumt coal. To extract the sodic carbonate, the cake 
from the mould is broken up and systematically treated 
with water (not hotter than 44°) till all soluble matter 
is taken up; only the sodic carbonate dissolves, the 
solution is allowed to settle, and then evaporated 
in shallow iron pans; the salt crystallizes out to a 
great extent during the evaporation, and is separated 
by perforated ladles. In order to obtain the maximum 
* This substance is called soda or alkali waste. 
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yield of carbonate, the solution is evaporated to dryness 
and heated in a furnace with sawdust, which converts 
the sodic hydrate into carbonate, and the result of the 
operation is the soda ash of commerce, containing 
about 56 per cent, of available alkali (sodic oxide 
[ONaj] in the form of carbonate). 

We see, then, that the chemical changes in the manu- 
facture are three in number: — ist, the conversion of 
sodic chloride into sodic sulphate : — 2NaCl-f SOgHoo 
=S02Nao2 + 2HCl; 2nd, the reduction of the sodic 
sulphate to sodic sulphide by the carbon of the coal : 
— 5S02Nao2 + 2oC=5SNa2 + 20CO; and 3rd, the 
decomposition 6f the sodic sulphide by the calcic 
carbonate, sodic carbonate and calcic oxysulphide 
resulting : — sSNag + yCOCao" = 5CONao2 + 

sCaS,2CaO + 2CO2. 

Sodic carbonate has a nauseous, alkaline taste, is very 
soluble in water, and crystallizes in rhomboidal prisms, 
often of very large size ; the crystals have the com- 
position represented by CONaOgjioOHg, and are 
efflorescent It is used in immense quantities in the 
manufactures of glass, soap, and of the various sodium 
compounds ; large quantities are employed in dyeing 
and calico-printing, scouring wool and yam, for soften- 
ing hard waters, and for domestic purposes. 

Hydrio-sodic Carbonate (bicarbonate of soda), 

COHoNao. — This salt is prepared either by passing 
carbonic anhydride into an aqueous solution of sodic 
carbonate, or over moist crystals of that substance ; 
the carbonic anhydride is absorbed, and in the case 
of the solution the hydric-sodic carbonate precipitates 
in crystals, which are nearly pure. In the case where 
the gas is passed over the crystals, heat is evolved, 
and the crystals lose their water of crystallization. 
The latter, though the more economical plan, does 
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not yield so pure a product as the former ; the change 
undergone is the same in both cases : — - 

CONaoa + OHj -h COj = 2COHoNao. 

Sodic Carbonic Hydric-sodic 

carbonate. anhydride. carbonate. 

Hydric-sodic carbonate is not so soluble in water j 
as the normal carbonate. It crystallizes in rectan- 
gular four-sided prisms. 

Sodic Nitrate (cubic nitre. Chili saltpetre)^ 
NOgNao. — This compound occurs in nature in large 
beds, about a yard below the surface of the soil,itt 
Peru, South America. It is very soluble in water, and 
is deliquescent.* It is employed in the manufacture 
of sulphuric and nitric acids, potassic nitrate, and as a 
manure. The crystals of it are rhombohedral in shape. 
It cannot be employed as a substitute for potassic 
nitrate in gunpowder, owing to its deliquescence. 

Hydric-disodic Phosphate (rhombic phosphate 

of sodium, phosphate of soda), POHoNaOg. — This com- 
pound is readily prepared by adding a solution of sodic 
carbonate to a solution of tetrahydric-calcic phosphate, 
PgOgHo^Cao", when calcic carbonate is 'precipitated, 
and hydnc-disodic phosphate remains in solution :— 

PaOgHo^Cao" + 2CONao2= 2POHoNao2 + COCao"+ 

Tetrahydric-calcic Sodic Hydric-disodic Calcic 

phosphate. carbonate. phosphate. carbonate. 

COa -f OH,. 
Carbonic Water, 
anhydride. 

By evaporating the filtered solution, the phosphate 
may be obtained in rhombic prisms, which are 
efflorescent. Its aqueous solution has a slightly 

* Liable to turn liquid from absorption of moisture from the 
atmosphere. 
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alkaline reaction. The crystals have the composition 
POHoNaOgjiaQH,. Its solution corrodes flint-glass 
bottles, causing white flakes of silicic acid to separate. 
It is used in the laboratory as a test for magnesium. 

Sodic Hyposulphite, SS'ONaOg.— This salt is 
prepared by first forming sodic sulphite (SONaOo) by 
passing a stream of washed sulphurous anhydride 
(SO2) into a strong solution of sodic carbonate : — 

CONaOg + SO2 = SONaOji + COg. 

Sodic carbonate. Sodic sulphite. 

The solution of the sulphite is then digested for 
several days with sulphur, by which means the sul- 
phite takes up sulphur, and is converted into hypo- 
sulphite : — 

2SONao2 -H S2 = 2SS''ONao2. 

Sodic sulphite. Sodic hyposulphite. 

On evaporating the solution, crystals of the hyposul- 
phite, having the composition SSONao2,5pH29 sepa- 
rate out. It is largely used for photographic purposes 
as a fixing agent, as it dissolves the silver salts which 
have been unacted on by the light, and so prevents 
the portrait or picture firom becoming black. 

Sodic Borate, BNaOg. — This compound does not 
exbt in nature ; but an abnormal sodic borate, known 
as borax, and having the composition B'"405Nao2, 
10OH2, is contained in the mineral called tittcaly ob- 
tained firom the £ast Indies. It is also obtained 
firom certain lakes in Persia and California, and large 
quantities are prepared by adding sodic carbonate to 
the native boric acid (BH03) of Tuscany : — 

4BH08 + CONao2 = B405Nao2 + 6OH2 + CO2. 

Boric acid. Borax. 

It is soluble in water, and crystallizes in six-sided 
prisms ; its solution has an alkaline reaction on test 
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paper. When the crystals are heated, they fuse in ; 
their water of crystallization, bubble up, owing to the :; 
escape of steam, and afterwards undergo igneous 
fusion to a transparent glass. This glass, since it dis- : 
solves metallic compounds with production of various 
characteristic colours, is often employed as a blowpipe 
test for metals in qualitative analysis. (See p. 86.) 

This same property of dissolving metallic com- 
pounds which borax possesses is made of use in the 
welding of metals. The pieces to be joined are 
heated in the forge, sprinkled with borax, which dis- 
solves the coat of metallic oxide, and when sufficiendy 
heated the pieces are removed, a blow of the hammer 
or rap against the anvil causes the dissolved oxide to 
fall off, and the two clean metallic surfaces are 
speedily united by the blows of the striker. Borax 
is used in glazing earthenware, as a flux in the smelt- 
ing and refining of metals, and for softening water. 

Sodic Silicate (soluble glass), SiNao4.— Tins 
compound is prepared — (i) by fusing together sodic 
carbonate and silicic anhydride (Si02), — 

2CONao2 + SiOj = SiNao^ + 2CO2; 

Sodic Silicic Sodic Carbonic 

carbonate. anhydride, silicate. anhydride. 

(2) by boiling flints (silicic anhydride) in sodic hydrate 
under great pressure, — 

SiOg + 4NaHo = SiNao4 + aQHjj. 

Silicic Sodic Sodic 

anhydride. hydrate. silicate. 

Sodic silicate is not soluble in cold water, but dis 
solves in five or six times its weight of boiling water 
it is employed in the manufacture of soap, in fixing 
fresco colours, in preserving stone from decay, and in 
tlie production of Messrs. Ransome's artificial stone. 
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admixture with other silicates, sodic silicate occurs 
g^ass, and it (equally with potassic silicate) imparts 
J property of viscidity before fusion to such mix- 
es, which is of such value in the working of glass. 
Sodic Tungstate, WOgNaOg. — This compound 
employed for rendering fabrics non-inflammable, 
i to prevent the serious accidents, and in many 
;es loss of life, which occur every year, through 
lies' dresses, &c., accidentally taking Are. A con- 
itrated neutral solution of the salt diluted with 
out one-third of its bulk of water, and then mixed 
h three per cent of hydric-disodic phosphate, is 
t solution used for this purpose. 
Tests for Sodium Compounds, — Sodium compounds 
J all, with the exception of the antimoniate, very 
uble in water; therefore they cannot be precipi- 
ed by any reageht, and consequently their presence 
» to be determined almost entirely by negative 
idence. A solution from which all metals, save 
tassimn, sodium, and ammonium, have been preci- 
a^ed, and which on evaporation to dryness and 
lition leaves a residue of saline matter, must con- 
n either potassium or sodium, or both of them. If 
ittle of this solid residue be dissolved in water, and 
itimc chloride and a few drops of hydrochloric acid 
dedy and the mixture on shaking yields a yellow 
ecipitate, potassium is present^ and sodium must be 
;ted for in the remainder of the residue by ascer- 
ning whether it colours the Bunsen flame yelloWy 
d gives one bright yellow band in the spectroscope ; 
so, sodium is present also. If the platinic chloride 
irfes no precipitate, then potassium is absent and 
dium is present^ and its presence may be con- 
med by observing the flame coloration, as before 
ited. 
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Silver— Agg. 

Atomic weight, io8. Molecular weight (probable), 2i6k 
Atomicity, I. Sp. gr., 10*47. 

Special Notice, — Silver was known to the ancients, 
being one of the first-discovered metals. 

Occurrence in Nature. — Silver occurs in nature 
in the free state to some extent : in combination it 
occurs as sulphide (SAg2), known as silver glance^Tl^ 
as chloride (AgCI), and bromide (AgBr) in emboUU; 
it also occurs as sulphide mixed with plumbic sul- 
phide (PbS) in galena. The chief sources of its ores 
are the Hartz mountains in Germany, Kongsberg in 
Norway, and the Andes in South America. 

Preparation. — In Germany the ores are first 
roasted with sodic chloride, by which they are con- 
verted into argentic chloride (AgCl), thus : — 

SAg + 2NaCl -f- 2O2 = 2AgCl + SOgNaOj. 

Argentic From Argentic Sodic 

sulphide. the air. chloride. sulphate. 

The chloride is mixed with water, scrap iron, and 
mercury, and introduced into revolving casks, by 
which the materials are thoroughly mixed. The iron 
reacts upon the argentic chloride, ferrous chloride 
(FeClg) and metallic silver being produced : — 

4AgCl + Fcg = 2PeCl2 + 2Ag2. 

Argentic Ferrous 

chloride. chloride. 

The mercury now comes into play and dissolves the 
silver, forming liquid silver amalgam. After about 
eighteen or twenty hours* rotation the casks are filled 
up with water, and again set in motion in order to wash 
the amalgam out of the spent materials : after two 
hours they are stopped, and the amalgam is drawn off 
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into sacks, which act as rude filters ; the greater por- 
tion of the mercury drains off into a trough placed 
underneath^ leaving a soft solid amalgam, containing 
15 to 17 per cent, of sDver. This is placed on trays, 
in charges of 5 cwt. at a time, under a large dis- 
tillatory bell of iron, and a fire is made round the 
upper part of the latter; the mercury volatilizes, 
descends in vapour, and is condensed by cold water 
placed in a trough round the mouth of the bell. A 
spongy mass of silver, containing 70 per cent, silver, 
28 per cent, copper, and other impurities amounting 
to 2 per cent., is left, and is afterwards melted and 
cast into ingots. In South America, where fuel is 
expensive, the metal is extracted by a somewhat 
different process, the chemistry of the operation being 
lather obscure. 

Silver Is often contained in lead ores to such an ex- 
tent that it is profitable to extract it even when it is 
not in greater proportion than three or four ounces of 
silver to a ton of lead. This is done by a process dis- 
covered by Mr. Pattinson, of Newcastle ; the argenti- 
ferous lead is melted in a cast-iron pot, the fire is then 
withdrawn and the metal stirred briskly ; the alloy of 
silver and lead, being more fusible than the lead alone, 
remains in a melted state, while the lead crystallizes 
out, and is removed as it forms by means of an iron 
ladle. This operation is repeated on the more con- 
centrated argentiferous lead until the lead contains 
about 300 ounces of silver to the ton, beyond which 
point it is not found advantageous to carry the con- 
centration. To obtain the silver free from the lead it 
is now submitted to the operation known as cupellation. 
The lead is melted in a reverberatory furnace, in which 
a cupel made of bone ash is fitted, and a blast of air 
passmg over its surface causes that metal to oxidize ; 
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the oxide so formed is absorbed by the cupel, while 
the silver, together with a small proportion of lead, 
remains on its surface, five tons being reduced to three 
cwt ; this is run off while melted, and when a suffi- 
cient quantity has accumulated, it is submitted a second 
time to the operation, and the silver is obtained free 
from lead. 

Silver may be precipitated from any of its solutions, 
whether acid or alkaline, by means of the metal mag- r 
nesium. This plan has recently been adopted bjr j 
many photographers for recovering silver from their * 
residues. 

The pure metal may be obtained by dissolving 
ordinary silver (which contains copper) in nitric acid,— 

2Ag2 + 6NO2H0 = 4N02Ago + N2O8 + 3OH,; 

Nitric acid. Argentic Nitrous 

nitrate. anhydride. 

adding sodic chloride to the solution, which precipitates 
argentic chloride, — 

2N02Ago + 2NaCl = 2AgCl -f 2N02Nao; 

Sodic chloride. Argentic Sodic nitrate. 

chloride. 

washing the precipitate by decantatioh with water, 
and then boiling it with solution of sodic hydrate 
(NaHo) and a few lumps of cane sugar. The boiling 
is continued until the powder becomes completely 
soluble in nitric acid ; the liquid is then poured of^ 
and the metallic powder washed by decantation : the 
residue is pure silver, and may be at once used for 
the preparation of silver salts, or it may be melted and 
cast into an ingot. 

Properties. — Silver is a brilliant white metal, and 
does not oxidize or lose its brilliancy in pure air. 
Even when melted in air it does not oxidize, but absorbs 
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:hamcally about 22 times its bulk of oxygen, which 
Ives up again on becoming solid, giving rise to a 
nomenon called the " spitting " of the silver, 
t is malleable and ductile, and probably the best 
ductor of heat and electricity. In air containing 
our of sulphur or sulphuretted hydrogen it tarnishes, 
oming coated with the sulphide (SAgg), which is 
:k. This is the reason why silversmiths usually 
n their gas outside their shops. 
7ses, — Silver is extensively used in making plate, 
coining, electro-plating, &c. For the two former 
s it is always alloyed with copper, pure silver being 
soft to resist wear and tear sufficiently. English 
Qs are made of silver alloyed with 7 J per cent, 
•per, and French ones contain 10 per cent. 
Principal Compounds. — The salts of silver are 
liout colour if tne constituent acid be so, and 
<re in many cases metallic silver after ignition, 
^er compounds are decomposed by magnesium, 
c, iron, copper, ferrous sulphate, and stannous 
oride, metallic silver being precipitated. 
Argentic Ozidei OAgg. — This oxide may be pre- 
ed by adding sodic hydrate (NaHo) to a solution 
ugentic nitrate, — 

NaHo + NOaAgo = AgHo + NO.Nao ; 

lie hydrate. Argentic nitrate. Argentic hydrate. Sodic nitrate. 

I heating the hydrate thus produced to 60**, — 
2AgHo = 0Ag2 + OH,. 

Argentic hydrate. Argentic oxide. Water. 

iTgentic Chloride, AgCL — ^When a soluble chloride 
idded to a solution of a silver salt, this compound 
always precipitated, in the form of a white curdy 
id. It is quite insoluble in water and nitric acid. 
is sometimes found native, and is then called horn 

o 
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J/77W. It is decomposed by exposure to light, espe- 
cially if any organic substances are present. It is re- 
duced to the metallic state when put into water with 
metallic zinc or iron and a little sulphuric acid. It ii 
soluble in ammonic hydrate, potassic cyanide (C^K), 
and in sodic hyposulphite (SS^ONao^). 

On the blackening of argentic chloride and other 
silver salts, by exposure to light, depends the process 
of photography as now ordinarily practised. When 
heated, argentic chloride melts at about 260", and 
sublimes at a higher temperature ; if a current of pure 
and dry hydrogen be passed over it while fused, it is 
reduced to metallic silver with formation of hydro- 
chloric acid : — 

2AgCl + H, = Ag, + 2HCI. 

Argentic Hydrogen. Silver. Hydrochloric j 

chloride. acid. ' 

It is also decomposed] by sodic carbonate when fused 
with it, metallic silver being produced : — 

4AgCl + 2CONao2= 2Ag, + 4Naa -f 2CO2 + 0> 

Argentic Sodic Silver. Sodic Carbonic Oxygen, 

chloride. carbonate. chloride, anhydride. 

Argentic Iodide, Agl. — When a soluble iodide 
is adoed to a solution of a silver salt, this sa.lt is pre- 
cipitated as a pale yellow flocculent solid : — 

NO^Ago + KI = Agl + NO,Ko. 

Argentic nitrate. Potassic iodide. Argentic Potassic nitrate. 

iodide. 

It occurs to some extent in natiure in Mexico. It is 
insoluble in nitric acid, and nearly so in ammonic 
hydrate (NH4H0) ; in the latter respect being an ex- 



SILVER COMPOUNDS. 1 95 

ception to silver salts generally. It is an important 
agent in the photographic art. 

Argentic Nitrate O'^^ caustic, nitrate of silver), 
NO^Ago. — This important salt is prepared by dis- 
solving pure silver in nitric acid. The solution, when 
concentrated by evaporation, yields the salt in square 
anhydrous tables. When melted and poured into cylin- 
diioil moulds it forms the lunar* caustic of the surgeon. 
When exposed to light, if impure, the salt blackens, 
from its reduction to metallic silver, especially if any 
oarganic matter be present It stains the skin black, 
and is employed as a dye for the hair, and for the manu- 
Nurture of marking-ink for linen. Preparations for 
photography and electro-plating are also made from it. 

Al^entic Sulphate, SOjjAgOg.— When silver is 
boiled with strong sulphuric acid, sulphurous anhy- 
dride (SO2) is evolved, and argentic sulphate formed : — 

Agjj + 2SOj|Ho2 = SOgA^Og + SO2 + 2OH2. 

Silver. Solphunc acid. Aigentic smpnate. Sulphurous Water. 

anhydride. 

It requires ninety times its weight of water for solu- 
tion, and may be crystallized in small rhombic prisms. 
It is formed in separating silver from gold. 

Tests for Stiver Compounds, — Hvdrochloric acid 
and soluble chlorides, when added to solutions 
of silver salts, precipitate the white curdy aigentic 
chloride (AgCl), which is soluble in ammonic h)ndrate, 
and insoluble in nitric acid Heated in the reducing 
blowpipe flame with sodic carbonate on charcoal, 
silver compounds are readily reduced to metallic 
silver. 



* From luna^ the moon, the alchemibt's name for silver. 



196 the elements of inorganic chemistry. 

The Diad Metals. 

Barium— Ba. 

Atomic weight, 137. Molecular weight (probable), 137. 
Atomicity, II. Sp. gr., 4 to 5* 

Special Notice, — When Davy had discovered that 
the potassic and sodic hydrates were compounds, he 
was led to suspect that baryta (baric oxide, BaO) was 
also a compound, and he found on experiment that 
such was really the case ; for on causing a current of 
galvanic electricity to pass through a solution of baric 
hydrate (BaHog), with mercury as the negative pole, 
he obtained barium amalgamated with the mercury ; 
and on heating the amalgam in a green glass retort 
filled with hydrogen, he obtained the metal free from 
admixture. 

Occurrence in Nature. — Barium is somewhat 

abundantly contained in nature in the form of baric 
sulphate (SOjBao*'), known as heavy spar; and baric 
carbonate (COBao), commonly called witherite. 

Preparation. — Barium may be obtained in the 
metallic state either (i) by electrolysis of baric 
hydrate, as Davy originally obtained it; (2) by decom- 
posing anhydrous fused baric chloride (BaClg) by the 
same means ; (3) by passing potassium or sodium 
vapour over strongly heated baric oxide : — BaO + Kj 
ssQKg + Ba ; or (4) by acting on a solution of baric 
chloride with sodium amalgam, and distilling the 
resulting barium amalgam. 

Properties. — So far as it has been examined, 
barium is of a pale yellow colour, and decomposes 
water rapidly at the ordinary temperature, producing 
baric hydrate and hydrogen : — Ba + 2OH2 = 
BaHo^ + Hg. It speedily tarnishes in the air, 
producmg baric oxide. 
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Uses. — Owing to the difficulty hitherto experienced 
in the preparation of this metal, it has not yet become 
possible to put it to any use. No doubt, when this is 
overcome and its properties are well known, it will be 
found of use in some way or other. 

Principal Compounds. 

The soluble salts of barium, as well as the carbonate, 
are very poisonous ; the best antidote is magnesic or 
sodic sulphate. 

Baiic Oxide (baryta), BaO. — This substance may 
be prepared either from the naturally occurring sul- 
phate or carbonate. If the sulphate be employed, it 
is groimd to powder, mixed with ground charcoal, and 
heated to redness in a crucible, by which means the 
carbon deprives the sulphate of its oxygen, baric sul- 
phide (BaS) and carbonic oxide (CO) being formed : — 

SOgBao" + 4C = 4CO + BaS. 

Baric Carbon. Carbonic Baric 

sulphate. oxide. sulphide. 

The bsuric sulphide so obtained is decomposed by 
nitric add, in order to form the nitrate, thus : — 

BaS + 2NO2H0 = Bao'^ + SHgj 

(N02 

Baric Nitric Baric Sulphuretted 

sulphide. acid. nitrate. hydrogen. 

and the nitrate, after evaporation to dryness, is ignited 
in an iron crucible, by which it is decomposed with 
evolution of nitric peroxide and oxygen, and formation 
of baric oxide : — 

2^Bao'^ = 2BaO + 2N2O4 + O2. 

( KOo ^aric Nitric Oxygen. 

Baric oxide. tetroxide. 



nitrate. 
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When the carbonate is employed, it is first decom- 
posed by nitric acid to form the nitrate, — 

OOBao" + 2NO„Ho = < Bao* + aCO. + OH, ; 

Baric Nitric Baric Carbonic Water, 

carbonate. acid. nitrate. anbydinde;. 

and the nitrate is then heated as, before stated. 

Baric oxide, as thus obtained, is a grey porou$ mass, 
which absorbs moistiure and carbonic anhydride from 
the air ; when treated with water it combines with it, 
or slakes with great evolution of heat^ forming baric 
hydrate : — 

BaO + OH2 = BaHog. 

Baric Water. Baric 

oxide. bydrate. 

Baric oxide is used in the laboratory for absorbing 
carbonic anhydride in gaseous analyses, and as an al- 
kali where potassic or sodic hydrates are inapplicable. 

Baric Peroxide, BaOg.— if b^c oxide or 

hydrate be heated to duU redness in a current of 
oxygen, it is converted into baric peroxide : — 

iBaO -I- O2 =5= 2Ba02. 

Baric oxide. 

2BaHo2 -h O2 = 2Ba02 + 2QH2. 

Baric bydrate. 

It may also be prepared by heating; baric oxide to 
redness in a crucible, and adding potassic chlorate 
gradually to the red-hot mass : — 

{qko -^ 3BaO = KCl + sBaOa. 

Potassic Baric Potassic Baric 

cblorate. oxide. chloride. peroxiae. 

Baric peroxide can be obtained in brillijant plates 
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by adding a solution of baric hydrate to its solution 
in very dilute hydrochloric acid; these plates are 
insoluble in water. When free from water it is a 
white powder resembling magnesic oxide. If heated 
to a higher temperature than that at which it is formed, 
baric peroxide is decomposed, giving up half its 
oxygen and becoming baric oxide again : — 

aBaOj = 2BaO + O^ 

Baric Baric 

peroxide. oxide* 

Or if it be treated with steam at the same temperature 
as it was formed, oxygen is evolved, and baric hydrate 
is produced : — 

2Ba02 + 2OH2 = 2BaHo2 + Og. 

Baric Water Baric 

peroxide. (as steam). hydrate. 

When treated with acids, baric peroxide is decomposed, 
hydroxyl (Hog) being formed (see Hydroxyl) : — 

BaOg + 2HCI = BaClg + (OH 

Baric Hydrochloric Baric I U-"- 

peroxide. acid. chloride. Hydroxyl. 

It has been proposed to prepare oxygen from air 
by the alternate oxidation of baric oxide and reduction 
of the baric peroxide so produced ; but as yet the 
process is not practically carried out, owing to certain 
difficulties which it presents. Baric peroxide is used 
in the laboratory for preparing hydroxyl, and certain 
compounds in organic chemistry called the organic 
peroxides. < 

Baric Hydrate (hydrate of baryta), BaHOg.— This 
compound is prepared, as already stated, by the action 
of water on baric oxide : — ^BaO + QHg = BaHog ; 
orofbariumonwater:— 2OH2 + Ba = BaHo2 + H2; 
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or by boiling solution of baric sulphide with cupric 
oxide : — 

6BaS + S OH2 + 8CuO = sBaHoa + SS"OBao" + 4S'Cu'2. 

Baric Water. Cupric Baric Baric Cuprous 

sulphide. oxide. hydrate, hyposulphite, sulphide. 

The liquid is filtered fi-om the precipitated cuprous 
sulphide, and on cooling, crystals of baric hydrate, 
having the composition BaHo2,8SH2» separate out 
When the crystals are heated, they lose water, BaHOg 
being left as a white powder. It has a strong alkaline 
action on litmus. Its uses are similar to those of 
baric oxide. 

Baric Sulphide, BaS. — ^This substance is prepared 
by the action of carbon at a red heat on native baric 
sulphate. The latter is powdered, mixed with an 
equal weight of starch, and one-tenth of its weight of 
ground charcoal, and heated to redness for an hour in 
a crucible, the cover of which is luted on ; the carbon 
of the starch and charcoal removes oxygen from the 
sulphate, baric sulphide and carbonic oxide being 
formed : — 

SOgBao" + 4C = BaS + 4CO. 

Baric Carbon. Baric Carbonic 

sulphate. sulphide. oxide. 

The sulphide is dissolved out of the mass when 
cold, by boiling it in water, and the filtered solurion, 
on cooling, yields crystals having the composition 

BaS,60H2. 

Baric sulphide is used for preparing the other salts 
of barium, as it is readily decomposed by acids. 

Baric Sulphate (heavy spar, sulphate of baryta), 
SOgBao". — ^This is the most abundant natural product 
containing barium. It occurs in veins in mountain 
limestone rocks, and is often found beautifully crystal- 



BARIUM COMPOUNDS. 201 

lized in lead mines. It has a high sp. gr., viz., 46, 
and the name baryta^ formerly employed for baric 
oxide, was given on this account, being derived from 
the Greek jSapvc (heavy). Baric sulphate is insoluble 
in water, and nearly so in acids, hence it is produced 
as a white precipitate when a solution of a sulphate is 
added to a solution of a barium salt On account of 
its not being blackened by sulphuretted hydrogen, it 
is used by artists in water-colours as di permanent white. 
It is not well fitted for use as an oil-colour,as it becomes 
partially transparent when ground with oil ; it is, how- 
ever, used to some extent for adulterating white-lead. 
Baric Carbonate (witherite, carbonate of baryta), 
COBao". — This salt, like the sulphate, is abundant in 
lead mines, in England, Styria, and Siberia. It may 
be prepared by adding a solution of a carbonate to 
a solution of a barium salt ; it then precipitates as a 
white powder, insoluble in water : — 

BaClg + COKO2 = COBao" + 2KCI. 

Baric Potassic Baric Potassic 

chloride. carbonate. carbonate. chloride. 

It is used to some extent in place of potassium, 
sodium, and lead compounds, in the manufacture of 
glass, and in the laboratory for preparing barium 
compounds. 

Baric Chloride (muriate of baryta, chloride of 
barium), BaClg. — If baric carbonate be decomposed 
by hydrochloric acid, — 

COBao" + 2HCI = BaClg + CO2 + OH2, 

Baric Hydrochloric Baric Carbonic Water, 

carbonate. acid. chloride, anhydride. 

and the solution filtered and slowly evaporated, crys- 
tals of baric chloride, BaCl2,20H2, are deposited. It 



:£ 
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is, however, usually prepared from baric sulphide, by j— 
decomposing it by hydrochloric acid : — 

BaS + 2HCI = BaClg + SHg. 

It crystallizes in flat tables. Its aqueous solution is 
used as a test for sulphuric acid, whose presence it 
indicates by forming a white precipitate of baric 
sulphate, insoluble in nitric acid. 

(NOo . 
Baric Nitrate (nitrate of baryta), < Bao'\— This 

(no^ 

salt is prepared in the same way as the chlonde, sub- 
stituting dilute nitric acid for hydrochloric : — 

fNOo 

(i.) COBao" + 2NO2HO = < Bao*+ CO, +OHj 

(NO, 

Baric Nitric Baric Carbonic Water. 

carbonate. acid. nitrate, anhydride. 

(NO. 
(2.) BaS + 2NO2H0 = { Bao^ + SHj. 

(NO, 

Baric Baric Sulphuretted 

sulphide. nitrate, hydrogen. 

It crystallizes in octahedra, and i part of salt requires 
8 to 10 parts of cold water for solution. Nitric acid 
added to a solution of it causes the salt to precipitate 
in crystals, owing to its being less soluble in the dilute 
acid than in water ; it therefore becomes necessary in 
testing nitric acid with it for sulphuric acid to dilute 
the nitric acid somewhat before adding the nitrate, 
otherwise the analyst may be misled by the nitrate 
precipitating being taken for baric sulphate. It is 
used for preparing pure baric oxide, and for testing 
for sulphuric acid in cases where baric chloride is 
inapplicable. 
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is for Barium Compounds. — The most certain 
for barium compounds is the formation of 
sulphate, insoluble in water, acids, and alkalies, 
a soluble sulphate or sulphuric acid is added to 
solutions; the precipitate separates /Vw/o^^m;^. 
lie or ammonic citrate is present in a neutral or 
ne solution contaimng bariiun, the sulphate is 
recipitated on adding a solution of a sulphate ; 
hydroc^doric acid be then added, the sidphatQ 
cipitated as usual. 

tassic chromate (CrOaKoj) causes a yellow pre- 
te of baric chromate (OrOaBao*^ in neutral and 
ne barium solutions ; the precipitate is insoluble 
tassic, aodic, and ammonic hydrates, and acetic 

imonic oxalate, < pQ Amo> precipitates only from 

(CO 

sntrated solutions the white baric oxalate,-; Bao', 

(CO 

le in acids. 

rium compounds tinge the Bunsen flame of a 
green colour, and when examined by the spec- 
3pe are distinguished by several green bands 
ring in the spectrum. 

Strontium— Sr. 

jn^ic weight, 87*5. Molecular weight (probable), 87*5. 
Atomicity, II. Sp. gr., 2*5. 

edal Notice, — Strpntium was discovered by Sir 
)avy immediately after he discovered barium in 
. It is very similar to barium in its properties. 

^cnrrence in Nature,— Strontium is a less 

dant element than bariuip. It occurs, similarly 
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to barium, in lead mines, as sulphate (SO,Sro'^, com- 
monly called ceUstifu; and carbonate (COSro*^, known 
as strontianite. The latter name is deriv^ from 
Strontian, in Argyllshire, near which town it occurs 
both massive and in crystals. 

Freparatioil. — Strontium may be prepared by the 
same processes as are described for preparing barium. 

Properties. — Strontium is a malleable, pale yellow 
metal. When heated in«air it bums with a crimson 
flame, forming strontic oxide : — 

Sr, + O, = 2SrO. 

Strontic oxide. 

• 

It decomposes water with evolution of hydrogen, and 
formation of strontic hydrate : — 

2OH2 + Sr = SrHo, + H2. 

Water. Strontic hydrate. 

Uses. — As it has not been produced in quantity 
yet, strontium in the metallic state has not been put 
to any use. 

Principal Compounds. 

Strontic Oxide (strontia), SrO. — This oxide is 
prepared by ignition of the nitrate : — 

(NO, 
2 { Sro" = 2SrO + 2N2O4 + Oj. 

(no,. 

Strontic nitrate. Strontic Nitric Oxygen. 

oxide. peroxide. 

It is a white powder, similar to baric oxide in its pro- 
perties. 

Strontic Hydrate (hydrate of strontia), SrHog. 
— ^When strontic oxide is mixed with water, heat is 
evolved, and strontic hydrate is formed ; — 
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SrO + OH2 = SrHo». 

Strontic oxide. Water. Strontic hydrate. 

It IS similar to baric hydrate in its properties and uses. 

Strontic Chloride (muriate of strontia), SrClg. — 
This salt is prepared like baric chloride. It is a 
deliquescent salt, very soluble in water, as also in 
alcohol. It crystallizes in needles as SrCl2,60N^. 

Strontic Sulphate (sulphate of strontia, celestine), 
SOgSro*'. — This salt occurs in nature crystallized in 
the same form as baric sulphate; the density, how- 
ever, of it is much lower, being 39. It is only slightly 
soluble in water and acids. It may be obtained as a 
white precipitate by adding a solution of a sulphate to 
a solution of a strontium salt ; unless the solutions 
are concentrated the precipitate does not separate 
immediately. 

Strontic Carbonate (carbonate of strontia, 
strontianite), COSro". — As already stated, this salt 
occilrs in nature. It is very slightly soluble in water. 
It may be obtained by adding a solution of a carbonate 
to a solution of a strontium salt. It is used for pre- 
paring other strontium compounds. 

(NO2 

Strontic Nitrate (nitrate of strontia), < Sro' . — 

(no, 

This salt is prepared by decomposing strontic car- 
bonate or sulphide by dilute nitric acid : — 

(NO, 
(i.) COSro' + 2NO2H0 = < Sro" + CO, + OH^. 

(. NO2 Carbonic Water. 
Strontic carbonate. Nitricacid.Stronticnitrate.anhydride. 

(NO2 

(2.) SrS + 2NO2H0 = < Sro* + SHj. 

Strontic I Jf 0« Sulphuretted 

sulphide. ' hydrogen. 
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It crystallizes in octahedra which are anhydrous. 
It is moderately soluble in cold water. It is used for 
preparing strontic oxide, and for preparing a red fire 
for pyrotechnical purposes. 

Tests for Strontium Compounds. — Sulphuric acid and 
soluble sulphates cause the precipitation of the sulphate 
after agitation and allowing the mixture to stand for 
some time; the precipitate is insoluble in acids and 
alkalies. 

Potassic chromate (CrOgKog) produces no precipi- 
tate (difference from barium), strontic duromate 
(CrOgSro) being soluble. 

Ammonic oxalate, \ poAmo' Precipitates white 

strontic oxalate, even from dilute solutions. 

Strontium compounds tinge the Bunsen flame crim- 
son, and when examined by the spectroscope are dis- 
tinguished by giving several bands in the red and one 
in the blue part of die spectrum. 



Calcium— Ca. 

Atomic weight, 40. Molecular weight (probable), 40. 
Atomicity, II. Sp. gr., i'6. 

Special Notice. — ^This metal was discovered by Sir 
H. Davy, at the same time as barium atid strontium. 
It derives its name from the Latin calx^ lime (calcic 
oxide). 

Occurrence in i^d.ture. — Calcium compounds 
are of frequent occurrence in nature. As calcic 
fluoride {Cdi^^^ifluor or Derbyshire spar^ it occurs to 
some extent; to a greater extent as calcic sulphate 
(SOgCao"), forming gypsum^ selenite^ alabcuter^ &c ; 
and as calcic carbonate (GOCao^^) it forms whole 
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mountain ranges, either alone or combined with mag- 
nesia carbonate, forming magnesian limestone in the 
latter case. Cole spar^ marble^ chalky coraly &c., are 
names by which the carbonate is known. 

Preparation. — Calcium may be prepared by the 
same processes as barium, and in addition by the 
following:— (i) By fusing together calcic chloride 
(CaClg)) sodium, and zinc ; the sodium decomposes 
the calcic chloride, liberating calcium, which then 
forms an alloy with the zinc : — 

CaClg + Na2 = 2NaCl + Ca. 

Csdcic Sodium. Sodic Calcium, 

chloride. chloride. 

The alloy is then heated in a gas carbon crucible to 
a very high temperature, which volatilizes the zinc ; 
the calcium, mixed with a little iron, remaining. (2) 
By fusing together calcic iodide (Cal2) ^^^ sodium: — 

Cal2 + Naj = 2NaI + Ca. 

Calcic Sodic 

iodide. iodide. 

Properties. — Calcium is a malleable, light, yellow 
metal. Dry air oxidizes it very speedily when the 
sur&ce is continually exposed to its action, forming 
calcic oxide (CaO); it also oxidizes in moist air, 
forming calcic hydrate (CaHOo). Heated in air it 
bums with a bnlliant white flame, forming calcic 
oxide. It decomposes water at the ordinary tem- 
perature, forming calcic hydrate and evolving hy- 
drogen : — 

2OH2 4- Ca = CaHog + H2. 

Water. Calcic Hydrogen. 

hydrate. 

Strong nitric acid does not act on it unless boiling ; 
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the dilute acid dissolves it readily. When heated and 
plunged into chlorine, or the vapours of bromine, 
iodine, and sulphur, it bums, evolving very bright 
light. Mercury readily dissolves it, forming calcium 
amalgam. 

Uses. — Owing to the circumstance that it has not 
yet been produced in quantity at a moderate price, 
calcium has not been put to any use. 

Principal Compounds. 

Calcic Oxide (lime, quicklime, protoxide of cal- 
cium), CaO. — ^This oxide is obtained by heating the 
carbonate : — 

COCao^ = CaO + CO2. 

Calcic Calcic Carbonic 

carbonate. oxide. anhydride. 

The black limestone of Kilkenny and Derbyshire is 
the best for this purpose. If lime be required abso- 
lutely pure, calcic nitrate is decomposed by ammonic 
carbonate, — 



(no. 

Calcic 


-f C0Am02 

Ammonic 
carbonate. 


= COCao" + 2N02Amo, 

Calcic Ammonic 
carbonate. nitrate. 


nitrate. 







and the precipitated calcic carbonate ignited to white- 
ness in a crucible. Lime for ordinary purposes is 
obtained by calcining chalk or limestone (impure calcic 
carbonate) in a kiln ; a red heat continued for some 
hours is sufficient to liberate the whole of the carbonic 
anhydride. In the best limekilns the process is car- 
ried on continuously by broken limestone and fuel 
being thrown in at the top, and the lime raked out at 
intervals at the bottom. When the limestone con- 
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tains silica (SiOg), and the temperature is very great, the 
lime refuses to sh2ke, calcic silicate (SiCao"2)havingbeen 
formed ; the lime is then said to be averburned. Pure 
lime is a white infusible solid ; at a high temperature 
it emits a pure white light, and is used for this pur- 
pose in the oxyhydrogen light. When sprinkled 
with water it slakes and crumbles into a soft white 
powder, which is calcic hydrate (CaHog), the tem- 
perature being raised sufficiently to explode gun- 
powder and char wood : carts laden with lime have 
sometimes been set on fire by a shower of rain. 

Calcic oxide is very largely used in the preparation 
of mortar and cements. In making mortar the lime 
is slaked with water (/. e,, is converted into calcic 
hydrate), and one part of this paste is mixed with 
three or four parts of moderately fine sharp sand 
(sihcic anhydride, SiOg). The reason why mortar 
hardens is not thoroughly understood ; the portions 
exposed to the air absorb carbonic anhydride from 
it, and part of the silicic anhydride unites with the 
lime, forming calcic silicate ; the central portions, 
however, still remain as hydrate, even after thousands 
of years. Besides this, calcic oxide is largely used 
in preparing bleaching powder, potassic chlorate and 
hydrate, sodic hydrate, in purifying gas and water, as 
a manure, and in making crucibles, which are infusi- 
ble by the most intense heat known. 

Calcic Peroxide, CaOg. — This compound is pre- 
pared, like the corresponding strontium one, by add- 
mg hydroxyl to a solution of calcic hydrate : — 

OaHog + 

Calcic 
hydrate. 

Calcic Hydrate (slaked lime, hydrate of lime), 

p 



02H2 


= CaOg + 


2OH2. 


Hydroxyl. 


Calcic 
peroxide. 


Water. 
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CaHoj. — ^As already stated, this compound is pro- 
duced when water is added to calcic oxide ; this is 
the mode of preparing it This substance is an 
exception to the rule that substances are more 
soluble in hot than cold water, for one part of it 
requires 1,300 parts of boiling water to dissolve it, but 
only 730 parts of cold. The solution is known as 
lime tvater^ and if exposed to the air absorbs car- 
bonic anhydride from it, forming calcic carbonate, 
which forms as a white film on the surface of the 
solution : — 

CaHo, + COj = COCao" -f OH2. 

Calac Carbonic Calcic Water, 

hydrate. anhydride. carbonate. 

This formation of calcic carbonate is used as a test for 
the presence of carbonic anhydride in gaseous mix- 
tures. If calcic hydrate be heated to redness, calcic 
oxide is reproduced : — 

CaHoa = CaO + OH2. 

Calcic Calcic Water, 

hydrate. oxide. 

Calcic hydrate, mixed with water to form a thin paste^ 
is called milk of lime. 

GalcicCarbonate(chalk,limestone,marble,Iceland 
spar, aragonite,calc spar, carbonate of lime), COCao''. — 
This is one of the most widely distributed compoimds 
in the mineral world, forming whole mountains of 
immense thickness in almost every part of the world. 
It is the chief constituent of chalk, shells, and coral 
reefs. In nature calcic carbonate is seldom pure ; it 
generallycontains clay, ferric oxide, and organic matter. 
Limestone caverns are often lined with magnificent 
crystals, of calcareous spar, which have been slowly 
deposited from a water)' solution. These stalactitic 
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incrustations are often of great beauty. In pure water 
calcic carbonate is scarcely soluble, but when the 
water contains free carbonic acid it is taken u[) on 
account of the formation of the dihydric-calcic car- 
bonate, which is soluble in water : — 

COCao" + COH02 = C^OgHojCao". 

Caldc Carbonic Dihydric-calcic 

carbonate. acid. carbonate. 

If lime water be poured into a vessel containing car- 
bonic anhydride, a milky white precipitate of calric 
carbonate is formed ; but on agitation, if the carbonic 
anhydride be in excess, the turbidity disappears, and 
a clear, transparent solution of dihydric-calcic car- 
bonate is obtained. If the clear solution is boiled, 
carbonic anhydride is expelled, and calcic carbonate 
again precipitates. All natural waters contain car- 
bonic acid. This soluble carbonate is almost always 
present in river and spring water. In limestone chs- 
tricts it is often present to a very great extent. 'J'hc 
hardness of water is usually owing to its presence (sec 
page 77). Tea-kettles and boilers in which such 
water is heated often, become lined with a thick 
incrustation. Dr. Ritterband has proposed a method 
of preventing the formation of this deposit in boilers, 
which consists of throwing into the boiler a small 
quantity of ammonic chloride, when ammonic car- 
bonate is formed, which is volatilized by the high 
temperature, calcic chloride remaining in solution. 
This method is objectionable on account of the cor- 
rosive action of the ammonic carbonate on the 
machinery, and is not applicable to permanently hard 
waters, which generally contain calcic sulphate. All 
the other salts of calcium may be obtained from the 
carbonate by decomposing it by the various acicls. 
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Calcic Sulphate (sulphate of lime, gypsum, 
plaster of Paris, alabaster, selenite, &c.), SOgCao''. — 
This compound occurs in abundance in nature. It 
is found both in crystals, having the composition 
SO2Cao*,20H2, and in the anhydrous form. It is 
precipitated as a white powder when a solution of a 
sulphate is added to a strong solution of a calcium salt. 
It is soluble in about 500 parts of cold water, and to 
a greater extent in water containing potassic nitrate. 
Gypsum is largely employed in the arts for moulds, 
statues, and casts. It is exposed to a temperature of 
120** C, in an oven, which deprives it of its water of 
crystallization, and it is afterwards reduced to powder. 
When mixed with water it soUdihes into a hard sub- 
stance, as it combines with 2OH2, again forming 
gj^sum ; but this solidification does not take place if 
Qie gypsum has been overheated. Scagliola work, or 
artificial coloured marble, is often prepared by insert- 
ing pieces of natural marble in the sulphate while the 
plaster is soft, and poUshing the suriace when the 
plaster has hardened. It is not possible to bum 
plaster when it has been once used, so as to make it 
set again. Calcic sulphate is a common impurity in 
spring water. Water containing this salt in solution 
is said to be permanently hardy since the hardness 
cannot be removed, ekher by boiling the water or by 
adding lime water to it (see page 77). Gypsum is 
useful as a manure in certain cases. 

Calcic Chloride (muriate of lime), CaClg. — This 
salt is produced by the decomposition of calcic car- 
bonate by hydrochloric acid : — 

COCao" + 2HCI = CaClg -f CO2 + OHg. 

Calcic Hydrochloric Calcic Carbonic Water, 
carbonate. acid. chloride, anhydride. 
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It cr3rstallizes as CaCl2,60H2 in six-sided prisms, 
which produce cold on solution in water. It is a 
product of many chemical operations, and, owing to 
its great attraction for water, is used for drying gases ; for 
absorbing the water produced by combustion of hydro- 
gen in organic analyses ; it is also used as a reagent. 

Calcic CShloro-hypochlorite (bleaching powder, 
chloride of lime), Ca(OCl)CL — This substance has 
already been described (see page 8i). 

If bleaching powder be heated its bleaching pro- 
perties are entirely destroyed, and if it be exposed to 
the air in an open vessel it absorbs carbonic anhy- 
dride and evolves chlorine. It thus varies in value 
with its age, the care bestowed on its preparation, and 
its subsequent exclusion from the atmosphere. 

The general outline of the method pursued in 
bleaching is as follows : — The goods are soaked in a 
dilute solution of bleaching powder, they are then re- 
moved to a vat containing dilute sulphuric acid. The 
bleaching powder now undergoes decomposition by 
the acid, chlorine being liberated : — 

Ca(OCl)Cl + SOgHog = SOgCao" + QK^ + CX^. 

Bleaching Sulphuric acid. Calcic sulphate. Water. Chlorine. 
powder. 

The chlorine in contact with the article to be 
bleached causes a complete destruction of the colour- 
ing matter. It acts by decomposing water, setting 
free oxygen, which oxidizes the colour : — 

2OH2 + 2CI2 = 02 + 4HCL 

Water. Chlorine. Oxygen. Hydrochloric acid. 

As the solutions are very dilute, this process has to be 
repeated several times (see properties of chlorine, p. 61). 

Calcic Nitrate (nitrate of lime), < Cao . — This 

(NO4 
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salt is prepared by decomposing calcic carbonate by 
dilute nitric acid : — 



(NO, 



COCao" + 2NO2H0 = ■{ Cao" + OH, + CO,. 

Calcic Nitric acid. Calcic Water. Carbonic 

carbonate. nitrate. anhydride. 

It is a deliquescent salt, crystallizing in prisms 

(NO, 

having the composition < Cao ,40H9. It is soluble in 

I NO, 

water and alcohol. 

Calcic Phosphate (bone ash, phosphate of lime, 
coprolite, apatite, sombrerite, phosphorite), PaOgCao^'g. 
— This salt is found in nature as coprolite^ apatite^ 
phosphoritCy and sombrerite, and it forms the principal 
constituent of bones. It may be obtained as a white 
precipitate by adding a solution of a^ phosphate to a 
solution of a calcium salt : — 

sCaClg + 2PONao3 = 6NaCl + PgOgCao^g. 

Calcic chloride. Sodic phosphate. Sodic chloride. Calcic phosphate. 

It is insoluble in water, but dissolves in acetic and 
the stronger acids. 

Calcic phosphate is used in the manufacture of 
phosphorus, of phosphates, of the manure known as 
superphosphate of lime, and for preparing cupels for 
smelting operations. 

Calcic Sulphide (sulphide of lime), CaS.— This 
compound is obtained by reducing calcic sulphate at 
a very high temperature with charcoal : — 

SOgCao'' + 4C = CaS + 4CO. 

Calcic sulphate. Carbon. Calcic sulphide. Carbonic oxide. 

It is slightly soluble in water, and is produced in enor- 
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mous quantities as a bye-product in the manufacture 
of sodic carbonate, and is known as soda waste. 

Calcic Fluoride (fluor spar, Derbyshire spar), 
CaF2. — This salt occurs in nature in lead mines, being 
found in Derbyshire, Cornwall, and Cumberland, both 
crystallized and massive. It varies in colour according 
as it is mixed with one or other of various metallic 
oxides. It is very slightly soluble in water. If a 
soluble fluoride or hydrofluoric acid is added to a 
solution of a calcium salt, calcic fluoride precipitates 
as a white gelatinous powder : — 

CaClg + 2HF = CaFg + 2HCI. 

Calcic chloride. Hydrofluoric Calcic fluoride. Hydrochloric 

acid. acid. 

It is the chief source of the compounds of fluorine ; 
when heated with sulphuric acid it yields hydrofluoric 
acid (see page 1 39). it is also used as a flux in smelting 
operations. 

Tests for Calcium Compounds, — Sulphuric acid 
and soluble sulphates only cause precipitates of calcic 
sulphate in concentrated solutions, and even in these 
cases it re-dissolves in excess of water. 

Potassic chromate (Cr02Ko2) causes no precipitate, 
as calcic chromate (Cr02Cao") is soluble. 

Ammonic oxalate ( \ po A mo ) ^^^'^^^j ^y^n in very 

dilute alkaline solutions, an immediate white precipi- 

|C0 
tate of calcic oxalate, \ Cao", soluble in acids. 

(CO 
Examined by the spectroscope, calcium compounds 
are distinguishable by giving a bright orange line and 
a slightly less bright broad green one, besides several 
faint ones. 
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Magnesium— Mg. 

Atomic weight, 24. Molecular weight (probable), 24- 
Atomicity, II. Sp. gr., 175. 

Special Notice, — Magnesium was shown to exist by 
Davy, in 1809 ; but was first isolated by M. Bussy, in 
1829. 

Occurrence in Nature.— The compounds of this 

metal are of fi*equent occurrence in nature; as car- 
bonate (COMgo") it is found in combination with 
calcic carbonate, forming dolomite or magnesian lime- 
stone; as silicate (SiMgo"2) it occurs as meerschaum, 
steatite, French chalk or soapstone,t€Uc,asbestoSy amphibole, 
and amiafithus ; as sulphate (S02Mgo"), known as 
Epsom salts, it occurs in mineral waters ; from those 
of Epsom it derives its name; and as hydrate (MgHOj) 
in hrucite. 

Preparation. — Magnesium is prepared by the 
following processes : — (i) By fusing together anhydrous 
magnesic chloride (MgCy and sodium in a clay cru- 
cible : — 

MgCla + Na = 2NaCl -f- Mg. 

Magnesic chloride. Sodium. Sodic chloride. Magnesium. 

The fused mass is stirred with an iron rod, which 
causes the globules of metal to unite ; the crucible is 
then emptied and the magnesium separated out. 
Large quantities are now prepared by the Magnesium 
Metal Company, Manchester, by this process. (2) By 
electrolytic decomposition of fused magnesic chloride. 

Properties. — Magnesium is very like silver in 
colour; it is malleable and ductile. It retains its 
lustre about as well as zinc in dry air, but oxidizes 
slowly in moist air. It acts very slowly on water at 
the ordinary temperature, but more rapidly when 
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boiled with it, hydrogen being liberated and magnesic 
hydrate formed : — 

2OH2 + Mg = MgHoj + H^ 

Water. Magnesium. Magnesic hydrate. Hydrogen. 

Heated in air, it bums with a very intense white light ; 
the sole product is magnesic oxide : — 

O2 + Mg2 = 2MgO. 

Oxygen. Magnesium. Magnesic oxide. 

It can be distilled in an atmosphere of hydrogen, being 
about as volatile as zinc : advantage is taken of this 
property in order to obtain it pure. It is soluble in 
hydrochloric acid and ammonic chloride, but is un- 
acted upon by a mixture of concentrated nitric and 
sulphuric acids unless boiling. It burns brilliantly 
when heated in chlorine and the vapours of bromine, 
iodine, and sulphur. 

Uses. — The light evolved by magnesium when 
burnt being very similar to sunlight, the metal is used 
to some extent for photographic and lighting pur- 
poses. It has been found experimentally by Bunsen 
and Roscoe that a very fine magnesium wire when 
burning emits a light equal to that given by seventy- 
four stearine candles of five to the pound. It has been 
proposed to replace the zinc usually employed in 
Marsh's apparatus in arsenical poisoning cases by 
magnesium on account of its greater freedom from 
arsenic. It displaces silver from its solutions, and is 
employed by the photographer for recovering that 
metal from his waste products. 

Principal Compounds. 

Magnesic Oxide (magnesia, calcined magnesia), 
MgO. — ^This substance is the only known oxide of 
magnesium. It is prepared by igniting either the 
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artificially prepared carbonate or nitrate ; or by burning 
the metal in air or oxygen : — 

I. COMgo" = MgO + CO^ 

Magnesic carbonate. Magnesic oxide. Carbonic anhydride 

(HO, 

2. 2 ^ MgO* = 2MgO + 2N2O4 + 0^ 
CNOj Magnesic oxide. Nitric Oxygen. 

Magnesic nitrate. peroxide. 

3. Mg, + O, = 2MgO. 

Magnesium. Oxygen. Magnesic oxide. 

Magnesic oxide is a light, white, infusible, tasteles 
and nearly insoluble powder. The oxide obtain* 
from the nitrate is denser than that from the a 
bonate. When placed upon red litmus paper ai 
moistened with water, it turns it blue, showing 
alkaline nature. The formation of the hydrate, whi 
occurs on adding water to it, takes place without a 
evolution of heat : — 

MgO + OH2 = MgHog. 

Magnesic Water. Magnesic 

oxide. hydrate. 

Its principal use is in medicine. 

Magnesic Hydrate (hydrate of magnesi 
MgHo2. — This is produced, as just stated, by addi 
water to the oxide. It occurs native in crystaUi 
scales, forming brucite, 

Ma^esic Carbonate (carbonate of magnei 
magnesite, magnesia alba), COMgo". — This co 
pound occurs in nature as magnesite^ and combin 
with calcic carbonate forms magnesian limestone 
dolomitey CaOaMgo'Cao'. It is prepared artificia 
by adding a solution of potassic carbonate to a boili 
solution of a magnesium salt, and suspending 1 
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precipitate which is produced, in water through which 
carbonic anhydride is passing. The precipitate gra- 
dually dissolves, and the compound crystallizes out as 
C0Mgo',30H2, as the solution loses part of its car- 
bonic anhydride ; the crystals are efflorescent. 

Magnesia alba^ as the carbonate sold in the shops is 
called, is a mixture of magnesic carbonate and mag- 
nesic hydrate. It may be obtained very pure by Pat- 
Hnson^s process^ which consists in heating magnesian 
limestone till the magnesic carbonate becomes mag- 
nesic Qxide : — 

CCMgo'^Cao" = COCao* + MgO'' + CO^. 

Magnesian Calcic Magnesic Carbonic 

limestone. carbonate. oxide. anhydride. 

It is then mixed with water in a strong iron vessel, 
and car)x>nic anhydride under pressure is passed into 
it until it ceases to be absorbed; this dissolves the 
magnesic oxide by converting it into dihydric-mag- 
nesic carbonate, C202,Mgo"Ho2, while the calcic 
carbonate remains undissolved : — 
COCao" + MgO -f OH2 + 2CO, = COCao'' + 

Mixed calcic Water. Carbonic Calcic 

carbonate and anhydride. carbonate, 

magnesic oxide. CaOaMgo'^HOj. 

Dihydric-magnesic 
carbonate. 

The solution is then run off and boiled ; carbonic anhy- 
dride escapes, and the magnesic carbonate is deposited, 
which is drained and dried at a low temperature : — 

CaOaMgo^'HOa = COMgo" -f OH2 + CO2. 
Dihydric-magnesic Magnesic Water. Carbonic 

carbonate. carbonate. anhydride. 

Its principal use is in medicine. 

Ma^esic Sulphate (sulphate of magnesia, Epsom 
salts)7o02Mgo". — This compound occurs in many 
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mineral waters. It is prepared in large quantities by 
the action of sulphuric acid upon magnesian lime- 
stone : — 

C,0,Mgo"Cao"-f 2SOaHoa = SOaCao''-!- SO,Mgo"-l- 

Magnesian Sulphuric Calcic Magnesic 

limestone. acid. sulphate. sulphate. 

2OH, + 2CO2. 

Water. Carbonic 
anhydride. 

When the action of the sulphuric acid has ceased, the 
liquor is run into a tank, where it remains for three 
hours, in order that the calcic sulphate may precipi- 
tate. It is then evaporated and allowed to crystallize, 
which it does in rhombic prisms, as SOHOj,Mgo'', 
6OH2. 

Magnesic sulphate is soluble in three times its weight 
of water at the ordinary temperature ; the solution has 
a nauseous bitter taste. It is largely used by warp-sizers 
for increasing the weight of the warps, — as a species of 
fraud, in fact. It is also used in medicine, and as a 
reagent in the laboratory. When heated, it loses six 
molecules of water, and is left as S02Mgo'',OHt. 

Magnesic Chloride (muriate of magnesia), 
MgCla. — This compound is obtained free from water 
by dissolving magnesic carbonate in hydrochloric 
acid : — 

COMgo" -f 2HCI = MgCla -f OH, -f CO2; 

Magnesic Hydrochloric Magnesic Water. Carbonic 
carbonate. acid. chloride. anhydride. 

and to the resulting chloride solution adding ammonic 
chloride in sufficient quantity to form magnesic- 
ammonic chloride (MgCl2,AmCl). On now evapo- 
rating the solution to dryness and igniting, the ammonic 
chloride sublimes, and anhydrous magnesic chloride 
remains : — 
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MgCl2,AmCl = MgCls -f AmCl. 

Magnesic-ammonic Magnesic ^ Ammonic 
chloride. chloride. chloride. 

This addition of ammonic chloride is necessary, as 
otherwise the magnesic chloride undergoes decompo- 
sition with the water on evaporating, magnesic hydrate 
and hydrochloric acid being formed : — 

MgCla -f 20Ha = MgHOa -f 2HCI. 
Magnesic Water. Magnesic Hydrochloric 

chloride. hydrate. acid. 

Magnesic chloride is an extremely deliquescent salt ; 
the anhydrous form evolves heat when dissolved in 
water; it crystallizes from its aqueous solution in 
needles having the composition MgCl2,60H2. When 
the anhydrous salt is heated, it fuses, and solidifies in 
confused crystals on cooling. It is used in the 
manufacture of magnesium. 

Magnesic Phosphate, P202Mgo"8.— This phos- 
phate is produced wnen sodic phosphate (PONaOg) is 
added to a solution of a magnesium salt : — 

2PONao3 + sMgCla = PaOaMgo^ -f 6NaCl. 

Trisodic Magnesic Magnesic Sodic 

phosphate. chloride. phosphate. chloride. 

The more important phosphates of magnesium are, 
however, hydric-magnesic phosphate (POMgo*Ho) 
and ammonic'tnagnesic phosphate (POMgo"Amo). 
The former is precipitated by adding hydric-disodic 
phosphate (PONaOgHo) to a solution of a magnesium 
salt : — 

SOaMgo*' + PONaOaHo s pOMgo'Ho +S02Nao2. 

Magnesic Hydric-disodic Hydric-magnesic Sodic 

sulphate. phosphate. phosphate. sulphate. 

The latter, by adding ammonic chloride and ammonic 
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hydrate, in addition to hydric-disodic phoq)hate, to a 
solution of magnesium salt : — 

BOsMgo" + AmCl + PONao^Ho + AmHo = 

Magnetic Amnionic Hydric-disodk Amnionic 

sulphate. chloride. phosphate. hydrate. 

POMgo^Amo + SOgNaOg + AmQ + OH^ 

Ammonic-magnesic Sodic Amnionic Water. 

phosphate* sulphate. chloride. 

Animonic-magnesic phosphate is often produced in 
the determination of magnesium in quantitative analy- 
bIh, as when ignited it parts with ammonia gas and 
water, leaving magnesic pyrophosphate (tiO^^gq"^ 
which admits of being easily weighed : — 

aPOMgo'Amo z= 2NH3 + QH^ + P^OaMgoV 

Ammonic-magnesic Ammonia Water. Magnesic 

phoRi)hate. gas. pyrophosphate. 

Magnesic Silicate, SiMgo^^.—Various silicates 

of magnesium occur in nature ; as instances may be 
mentioned meersehaupfty soapstone^ taky and asbestos. 
Meerschaum is used for making tobacco-pipes ; and 
asbestos, which is fibrous, is used occasionally in 
making cloth, &c., which is cleansed, not by washing, 
but by making it red-hot in a fire, the dirt, &c, 
adhering to the cloth, burns away, leaving the asbestos 
unacted on, as it does not bum. 

Tksis for Magnesium Compounds, — The hydrates of 
potassium, sodium, and ammonium cause white gela- 
tinous precipitates of the hydrate (MgHo^) insoluble 
in excess, but readily soluble in ammomc chloride 
(AmCl). ^ 

Potassic and sodic carbonates give a white precipi- 
tate of the mixed carbonate and hydrate. Ammonic 
carbonate causes no precipitation unless heated. 

Hydric-disodic phosphate, in presence of ammonic 
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hydrate, gives a white precipitate of ammonic-magnesic 
phosphate (POMgo^Amo), which is soluble in acids. 

Heated on charcoal, with a little cobaltous nitrate, 

NO. 

Coo , magnesium compounds acquire a pink colour. 
(NO2 

2inc— Zn. 

Atomic weight, 65. Molecular weight, 65. Molecular volume, 
normal. Atomicity, II. Sp. gr.,6'8 to 7*2. 

fecial Notice. — Zinc was described by Paracelsus in the 
sixteenth century. It is often called spelter in commerce. 

Occurrence in Nature.— Zinc is found in mode- 
rate abundance as carbonate (COZno"), known as cala- 
mine; as sulphide (ZnS), known as zinc blende or black 
mk; andas zincic oxide (ZnO), called from its red colour 
(due to ferric and manganic oxides) red oxide of zinc. 
The ores occur in Cumberland, Derbyshire, Flintshire, 
and Somersetshire, in England ; Silesia and Carinthia, 
in Germany ; and New Jersey, in the United States. 

Preparation. — in the extraction of zinc, the ore, 
whether sulphide or carbonate, is first roasted, by 
which it is converted into oxide : — 

(i.) COZno" = ZnO + CO2. 

Zincic carbonate. Zincic oxide. Carbonic anhydride. 

(2.) 2ZnS + 302 = 2ZnO + 2SO2. 

Zincic Oxygen Zincic oxide. Sulphurous 

sulphide. (from tne air). anhydride. 

The roasting of the sulphide is a tedious process, 
owing to the length of time required to convert it into 
oxide. The roasted ore is then mixed with ground 
coal or coke, and introduced (in England) into cruci- 
bles placed in a furnace ; through the bottom of the 
furnace and crucible an iron pipe passes : the carbon 
of the coal deprives the zincic oxide of its oxygen, 
forming carbonic oxide, which passes off as gas, and 
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the zinc being converted into vapour, distils, passing 
down the iron pipe into a vessel containing water, 
where it condenses ; — 

ZnO + C = Zn -I- CO. 

Zincic oxide. Carbon. Zinc. Carbonic oxide. 

In Silesia and Belgium the distillation is carried on 
in earthenware retorts. 

Properties. — Zinc is a bluish white metal, brittle 
at ordinary temperatures, and exhibiting a crystalline 
structure when broken. When heated to between 
loo^ and 150** C. it is malleable, and can be rolled into 
sheets ; but if it be heated to 170° to 200° C. it becomes 
so brittle as to be easily powdered in a mortar. At 
500° it melts, and, according to Deville, its boiling 
point is 1040° C. If exposed to the =air near its boil- 
ing point it takes fire, burning with a brilliant white 
light, and forming zincic oxide. It retains its lustre 
in dry air, but in moist air it is speedily coated with a 
thin film of oxide, which protects the underlying metal 
from further oxidation. When boiled with water, zinc 
slowly decomposes it, evolving hydrogen : — 

2OH2 + Zn = ZnHog + Hg. 

Water. Zinc. Zincic hydrate. Hydrogen. 

Acids are decomposed by zinc with evolution of hydro- 
gen at the ordinary temperature ; and when boiled 
with the hydrates of potassium, sodium, and ammonium, 
hydrogen is also evolved, and a mixed oxide produced 
(see preparation of hydrogen, method 5, page 54). 

Uses. — Zinc is largely used, owing to its cheapness, 
durability, and lightness, as a substitute for lead in 
roofing. Iron is coated with zinc in order to prevent 
its oxidation ; the zinc is melted and preserved from 
oxidation by a layer of ammonic chloride on its sur- 
face, and the iron (plate or wire) rendered very clean, 



COMPOUNDS OF ZINC. 22$ 

is dipped into the zinc, which adheres to its surface ; 
the resulting coated plate or wire is known as galva- 
nized irofiy the name being given from the fact that the 
galvanic action set up causes the zinc to oxidize be- 
fore the iron, and so prevents the iron rusting. Zinc 
enters into the composition of brass^ German silver^ 
and other alloys. In the galvanic battery the positive 
pole is almost invariably made of zinc. Zinc also 
forms the basis of one or two paints. In the labora- 
tory it is in frequent use as a reducing agent, and for 
preparing hydrogen. 

Principal Compounds. 

Zincic Oxide (oxide of zinc, zinc white), ZnO. — 
This compound is prepared, as already stated, by 
burning zinc in air; the zinc is distilled into a chamber 
through which air is drawn, the metal bums, and the 
oxide deposits in condensing chambers. It cannot 
be used as a substitute for white-lead in oil paints, as 
it does not combine with the oil. It is occasion- 
ally obtained crystallized in six-sided prisms. When 
hot it is yellow, but becomes white on cooling. It 
is substituted with advantage for red-lead in making 
optical glasses. It dissolves in acids, forming zinc 
salts. It occurs in nature to some extent, forming red 
sdnc^ or red oxide of zinc, 

Zincic Hydrate (hydrated oxide of zinc), ZnHo2. 
— This hydrate is obtained by adding potassic hydrate 
solution to a solution of a zinc salt : — 

SOaZno" + 2KH0 = SOgKoa + ZnHog. 

Zincic sulphate. Potassichydrate. Potassic sulphate. Zincic hydrate. 

The hydrate is thus obtained as a white precipitate, 
soluble in excess of potagsic hydrate. Sodic or 

Q 
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ammonic hydrate may be substituted for the potassic 
hydrate. 

Zincic Sulphide (zinc blende, sulphide of zinc, 
black jack), ZnS. — This substance is the principal 
natural compound of zinc. It occurs both massive 
and crystallized. It is produced artificially as a white 
gelatinous hydrate, by addition of sulphide of potassium, 
sodium, or ammonium to a solution of a salt of zinc : — 

S02Zno" + SAmj = SOzAmoz + ZnS. 

Zincic sulphate. Ammonic Ammonic sulphate. Zincic 

sulphide. sulphide. 

It may also be produced with almost explosive violence 
by rapidly heating a mixture of zinc and mercuric sul- 
phide : — 

HgS + Zn = ZnS + Hg. 

Mercuric sulphide. Zincic sulphide. Mercury. 

Zincic sulphide does not fuse when heated ; heated 
in the air, the sulphur bums off as sulphurous anhy- 
dride, and the metal oxidizes to zincic oxide (sec 
preparation of zinc). 

The anhydrous sulphide is very slightly acted on 
by sulphuric and hydrochloric acids, but nitric add 
and aqua regia speedily decompose it. The hydrated 
sulphide is readily soluble in acids. 

Zincic Chloride (butter of zinc), ZnClj. — When 
zinc is heated in chlorine or dissolved in hydrochloric 
acid, the product is zincic chloride,— alone in the first 
case, and with simultaneous production of hydrogen 
in the second : — 

I. Zn -I- CI2 = ZnCla. 

Zinc. Chlorine. Zincic 

chloride. 

2. Zn + 2HCI = ZnCU + H^ 

Hydrochloric Zincic Hydrogen, 

acid. chloride. 
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By the first process it is at once obtained in the solid 
form. The solution obtained in the second case loses 
water till it acquires the temperature of 250° C, when 
it becomes anhydrous ; it still remains fluid, however, 
and if it be allowed to cool, it solidifies to a white, 
highly deliquescent mass, which sublimes at a red 
heat, but may be heated to 370° C. without giving off 
any large amount of fumes. It is fusible at 100° C. 
It is employed in organic research for depriving com- 
pounds of the elements of water ; as an antiseptic, 
forming Burnetts disinfecting fluid; as a caustic in 
surgery, it acts very powerfully on the skin ; and in a 
state of fusion, as a hot bath for maintaining a high 
but measurable temperature. It is also used along 
with ammonic chloride to dissolve the film of oxide 
in soldering. 

Zincic Carbonate (calamine), COZno". — Zincic 
carbonate occurs in nature as calamine^ both in the 
crystalline state and massive. The word calamine is 
derived from the Latin calamus^ a reed, and is given 
to this compound fi-om the fact that after fusion it 
adheres to the base of the furnace in a reed-like form. 
It is generally greyish or yellowish in colour, and 
readily loses carbonic anhydride when heated, be- 
coming zincic oxide : — 

COZno" = ZnO + CO,. 

Zincic Zincic Carbonic 

carbonate. oxide. anhydride. 

If a solution of sodic carbonate be added to a solu- 
tion of a zinc salt, zincic carbonate is not the only 
product, but the precipitate has a variable composition, 
consisting of a mixture of hydrate and carbonate. It 
is used in preparing other compounds of zinc. 

Zincic Sulphate (white vitriol, sulphate of zinc), 
SOaZno"; crystallized, SOHoj|Zno",60H^— This saltis 
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the residue left in preparing hydrogen by means 
itinc and sulphuric acid. It may also be obtained ] 
roasting tincic sulphide at a low temperature, tre 
ing the roasted mass with water and evaporating t 
solution : — 

2nS + 2O, = SOaZno". 

Zindc Oxygen Zincic 

sulphkle. (from air). sulphate. 

lake magnesic sulphate it crystallizes in colourU 
four-sided prisms ; it is consequently said to be i 
mi^r/JUms (Greek, €«)c, like ; iiop^ii^ form) with it. T 
cjrystals are efflorescent in dry air, and when heat 
to a moderate temperature give up six molecules 
water ; the remaining molecule is driven off at a high 
temperature. It is used in calico-printing and as 
emetic in medicine. 

Ihts for Zinc Compowtds, — Ammonic sulphi 
gives a white precipitate of the hydrated sulphi 
(ZnS). Sulphuretted hydrogen causes no precipits 
from acid solutions of zinc salts, except the aceta 
The hydrates of potassium, sodium, and ammoniv 
precipitate the hydrate (ZnHoj), soluble in exce 
The carbonates of potassium, sodium, and ammonii 
precipitate a basic carbonate of variable compositic 
which is soluble in excess of ammonic carbona 
Heated on charcoal before the blowpipe, zinc co 
pounds are reduced to metallic zinc, which volarilizi 
burning and forming white fumes of the oxide, 
moistened with cobaltous nitrate and heated 
charcoal, a green infusible mass results. 

Cadmium — Cd. 

Atomic weight, 112. Molecular weight, 112. Moleco 
volume, normsJ. i litre of cadmium vapour weighs 56 crit 
Atomicity, 11. Sp. gr., 87. 

SpecicU Notice, — Cadmium was discovered in 18 
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by Stromeyer, in some zincic oxide which had been 
prepared for medicinal use. He at first concluded it 
was arsenic, from its yielding a yellow sulphide with 
sulphuretted hydrogen, but on further examination 
he found it to be a new element. The name cadmium 
is derived from the Greek KaSfxeia (kadmeia), a term 
applied to calamine and the zincic oxide produced in 
brass furnaces. 

Occurrence in Nature.— Cadmium, as already 
stated, occurs in zinc ores. It is also found as sul- 
phide (CdS), forming greenockite. 

Preparation. — Owing to the fact that it is more 
volatile than zinc, cadmium is obtained in the same 
operation as that which affords zinc. The cadmium 
sublimes first and is collected separately. 

Properties. — Cadmium is similar to zinc in 
appearance, and also resembles tin to some extent. 
It is so soft as to leave marks on paper. It is both 
ductile and malleable at the ordinary temperature, 
but when heated to 80° C. it is so brittle as to be 
easily powdered. It melts at 315° C, and if exposed 
to the air it bums, producing brownish yellow fumes 
of cadmic oxide. It is soluble in hot hydrochloric 
and sulphuric acids with evolution of hydrogen. Nitric 
acid dissolves it still more freely. 

Uses. — Cadmium is of use in the preparation of 
alloys of low fusibility. An alloy of 3 parts cadmium, 
15 of bismuth, 4 of tin, and 8 of lead, forms a silver- 
white solid of sp. gr. 94, which softens between 55° 
and 60°, and is completely liquid at 60° ; it expands 
slightly on solidifying. Another alloy, consisting of 
I part cadmiimi, 7 of bismuth, and 6 of lead, melts at ^^°, 

Principal Compounds. 

Cadmic Oxide, CdO. — This oxide is obtained 
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by igniting the carbonate or nitrate, or by burning the 
metal in air or oxygen. It is a brown powder, in- 
fusible and non-volatile, soluble in acids, forming 
cadmic salts. It is soluble in ammonic hydrate. 

Gadmic Hydrate (hydrated oxide of cadmiimi). 
CdHo,. — ^This substance is produced as a white pre 
cipitate by adding potassic or sodic hydrate to a 
solution of a cadmium salt. 

Cadmic Sull>hate, SOaCdo".— This salt is, pre 
pared by dissolving cadmium, cadmic oxide, or cad 
mic carbonate in sulphuric acid : — 

SOjHo, + Cd = SOjCdo' + H:,. 

Sulphuric Cadmium. Cadmic Hydrogen, 

acid. sulphate. 

It is used in medicine as an emetic, and in lotions. 

Cadmic Sulphide (cadmium yellow, greenockite), 
CdS. — This cadmium compound is met with in nature 
as greenockite; it occurs crystallized in six-sided prisms. 
If sulphuretted hydrogen or ammonic sulphide be 
added to a solution of a cadmium salt, cadmic sul- 
phide is precipitated as a yellow powder : — 

I. SO,Cdo' -I- SHj = CdS + SOjHoa. 

Cadmic Sulphuretted Cadmic Sulphuric 

sulphate. hydrogen. sulphide. acid. 

2. Cdl2 + SAma = CdS + 2AmI. 
Cadmic Ammonic Cadmic Ammonic 

iodide. sulphide. sulphide. iodide. 

It resembles arsenious sulphide, but is distinguishable 
from it by being non-volatile when heated, and by 
being insoluble in ammonic hydrate and potassic and 
sodic sulphides. It is known in commerce as cadmium 
yellawy and is used and valued from its permanence 
as a yellow pigment. 

Cadmic Iodide, Cd^Q — This substance is easily 
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prepared by digesting together pulverized metallic 
oadmium and iodine with water, and evaporating the 
solution : — 

Cd + I2 = Cdlj. 

Cadmium. Iodine. Cadmic iodide. 

It is easily crystallized; the crystals have a pearly 
lustre, and fuse when heated. It is used for iodizing 
collodion for photographic purposes. 

Tests far Cadmium Compounds. — Sulphuretted 
hydrogen and amnionic sulphide precipitate from solu- 
tions of cadmium salts the yellow sulphide (CdS), which 
is insoluble in potassic and sodic sulphides, ammonic 
hydrate, and hydrochloric acid. It is not volatile 
when heated, thus being distinguishable from arsenious 
sulphide (A.S2S8), which it otherwise resembles. 

Exposed to the reducing action of carbon, by heat- 
ing in the inner blowpipe flame with sodic carbonate 
on charcoal, cadmium compounds give a yellowish 
brown incrustation of cadmic oxide, from the reduc- 
tion and subsequent oxidation of the metal. 

Mercury (Hydrargyrum)— Hg. 

Atomic weight, 200. Molecular weight, 2CX). Molecular 
volume, normal, i litre of mercury vapour weighs 100 criths. 
Atomicity, II. Sp. gr., 13*59. 

Special Notice. — Mercury was known to the ancients. 
Its scientific name of hydrargyrum is derived from 
the Greek v^wp (hudor)^ water, and apyupov (arguron), 
silver, liquid- or quick-^ilwQX, 

Occurrence in Nature.— Mercury occurs native 
to some extent ; the principal ore of it, however, is 
the sulphide (HgS), known as cinnabar. It is occasion- 
ally found as an amalgam with silver, and rarely 
as mercurous chloride (HgsCl2), called ccUomely and 
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mercuric iodide (Hgia)- Mercurial ores are found 
in clay slate, red sandstone, and the coal measures. 
The principal locahties where they are found are 
Idria in Transylvania, Germany ; Almaden in Spain ; 
California in North America; and Huancavelica in 
Peru, South America. 

Preparation. — At Almaden the metal is obtained 
from the sulphide by heating it in a furnace well 
supplied with air ; the sulphur bums off as sulphurous 
anhydride, and the metal passes off in vapour, and is 
condensed by passing into cold earthenware tubes, 
called aludels: — 

HgS + Oa = Hg + SO2. 

Mercuric Oxygen Mercury Sulphurous 
sulphide. (from air), sulphide. anhydride. 

By this process great loss of mercury is sustained, 
owing to imperfect condensation. 

In Germany the sulphide is distilled with calcic 
hydrate in cast-iron retorts ; the calcium deprives the 
sulphide of its sulphur ; mercury, and calcic sulphide 
and sulphate resulting : — 

4HgS -f 4CaHoa = 4Hg -f 3CaS + S02Cao"+ 40H^ 

Mercuric Calcic Mercury. Calcic Calcic Water, 

sulphide, hydrate. sulphide, sulphate. 

The mercury is condensed in receivers containing 
water. Instead of calcic hydrate, iron borings maybe 
substituted ; ferrous sulphide and mercury are then 
produced : — 

HgS -f Fe = FeS -f Hg. 

Mercuric Iron. Ferrous Mercury, 

sulphide. sulphide. 

Properties. — Mercury is a bright, silvery-looking 
liquid, being the only metal liquid at the ordinary 
temperature. It freezes in octahedra at — 40*" C, and 
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boils at 350** C. ; it volatilizes slightly at the ordinary 
temperature. It does not oxidize in air unless heated 
to above 300% when it slowly becomes converted into 
mercuric oxide : — 

2Hg 4. O2 = 2HgO. 

Mercury. Oxygen, Mercuric oxide. 

It combines directly with chlorine, bromine, iodine, 
and sulphur. Hydrochloric acid is without action on 
it j sulphuric acid, when boiled with it, yields sulphur- 
ous anhydride and mercuric sulphate; nitric acid 
attacks it readily, evolving nitric oxide, and forming, 
according as the metal or acid is in excess, mercurous 
or mercuric nitrate. 

Uses. — The principal uses of mercury are in amal- 
gamation in the extraction of gold and silver; in 
silvering and gilding as amalgams ; in the preparation 
of vermilion^ the artificial sulphide ; in the construc- 
tion of barometers, thermometers, and other philo- 
sophical instruments ; to replace water in the mercurial 
pneumatic trough ; and for preparing mercurial com- 
pounds used in medicine and manufactures. 

Principal Compounds. 

I. Mercurous Compounds, 

Mercurous Oxide (suboxide of mercury), 'Hg'20. 
— This oxide is obtained as a black powder by rub- 
bing up powdered mercurous chloride with potassic 
or sodic hydrate in a mortar ; — 

'Hg'zCIa + 2KH0 zz: Bg'aO + 2KCI + QH^. 

Mercurous Potassic Mercurous Potassic Water, 

chloride. hydrate. oxide. chloride. 

If exposed to light or gently heated, it decomposes 
into mercuric oxide and raercuiy. 
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Mercurous Chloride (calomel, subchloiide ^ 

mercury), HgiCl,. This salt is prepared (i) by sut^ 
liming a mixture of 13 parts mercury and 17 dmi^' 
cmic chloride : — 

Hr'Cl,. + Hg = 'Hg'.a; 

Mercuric chloride. Mercury. Mercurous chloride--^ 

(2) by subliming a mixture of mercuric sulphate, m^^ 
cury, and sodic chloride : — 

SOjHgo" + Hg + 2Naa = 'Hg'iCU + SO,Nao^ 

Mercuric Mercury. Sodic Mercurous Sodic 

sulphate. chloride. chloride. sulphate., 

(3) by adding a solution of sodic chloride to a solutio^^ 
of mercurous nitrate : — 

(NO, 
(NO, 

Mercurous Sodic Mercurous Sodic nitrate, 

nitrate. chloride. chloride. 

As prepared by processes (i) and (2) mercurous 
chloride is liable to contain mercuric chloride ; it has^ 
therefore, to be washed in order to free it from that 
salt before being used. 

Mercurous chloride crystallizes, when sublimed, in 
prisms. It is of a yellowish white colour, insoluble in 
water, and consequently possesses no taste. When 
acted on by ammonic hydrate, it forms a black com- 
pound having the composition jajrViSf \ - — 

Hg,Cl, + 2AmHo = NHlclif } "^ »0««- 

Mercurous Ammonic Mercurosodiammonic Water, 

chloride. hydrate. dichloride. 

Calomel is used principally in medicine. 
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Hercnrons Nitrate (subnitrate of mercury), 

< HggO". — ^This salt is prepared by acting on an 
(NO, 
excess of mercury with nitric acid ; nitric oxide is 
evolved at the same time : — 

(NO 
SNOjjHp + 6Hg = 3 ^ Hgjo" + 4OH2 + 2N2O2. 

(no, 

Nitric acid. Mercury. Mercurous Water. Nitric oxide. 

nitrate. 

It is decomposed by water into an insoluble basic and 
a soluble acid salt. There are several acid and basic 
mercurous nitrates. It is used in preparing mercurous 
chloride to some extent, in testing oils, and as a re- 
agent. 

2. Mercuric Compounds. 

Mercuric Oxide (red or nitric oxide of mercury, 
red precipitate, peroxide of mercury, HgO. — This 
oxide is obtained (i) by heating mercury in air to 

3000 :— 

2Hg + O2 = 2HgO; 

A^ercury. Oxygen. Mercuric oxide. 

(2) by heating mercuric nitrate : — 

INO, 

2 \ Hgo" = 2HgO + 2N2O, + O2 ; 
JNOj 

Mercuric nitrate. Nitric peroxide. Oxygen. 

(3) ^y decomposing mercuric chloride or nitrate by 
potassic or sodic hydrate : — 

HgCLj + 2KH0 = HgO 4- 2KCI + OHg. 

Mercuric Potassic Mercuric Potassic Water, 
chloride. hydrate. oxide. chloride. . 
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As thus prepared it is of a red or yellow colour 3 
that having a yellow colour brings about chemic^ 
changes more readily than the red ; it appears to t>^ 
an aUotropic form of the oxide. When heated it b 
comes black, but regains its usual colour on cooling 
if ignited it is decomposed, metallic mercury and o: 
gen being evolved: — 

2HgO = 2Hg + Og, 

Mercuric oxide. Mercury. Oxygen. 

It is occasionally used as an oxidizing agent, and for:^^ 
preparing small quantities of oxygen. It was bxivc^ 
this oxide that Priestley first obtained oxygen. 

Mercuric Chloride (corrosive sublimate, bi — 
chloride or perchloride of mercury), HgClj. — Thi^^ 
important salt may be prepared a^ follows : — 

(i) By the direct union of its elements : — 

Hg + CI2 = HgClg. 

Mercury. Chlorine. Mercuric chloride. 

(2) By subliming a mixture of 2 J parts of mercuric 
sulphate and i part of sodic chloride : — 

SOgHgo" + 2NaCl = HgCla + SOgNaOg. 

Mercuric sulphate. Sodic chloride. Sodic sulphate. 

Mercuric chloride crystallizes either in needles or 
octahedra. It melts at 265°, and boils at 295°; its 
vapour is very acrid and poisonous. In the solid 
state its flavour is nauseously metallic and bitter. The 
best antidote for it is to swallow immediately the 
whites of several raw eggs, with the albumen of which 
mercuric chloride forms an insoluble compound, and is 
thus rendered inert. Ammonic hydrate, when added 
to a solution of it, causes the precipitation of a sub- 
stance called, from its white colour, white precipitate : — 
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£gCI, + sAmHo = HHjHg"Cl + AmCl + aOH^. 

Sbfeicunc Amnionic Mercurammonic Amnionic Water. 
chloride. hydrate. chloride chloride. 

(white precipitate). 

Corrosive sublimate is a powerful antiseptic^ and is 
oonsequently used in preserving anatomical prepara* 
tions, natural history objects, wood, ropes, &c. A 
solution of I part of the salt in 80 parts water is strong 
enough for most purposes. It is also used in medi- 
cnne. 

Mercuric Nitrate (pemitrate of mercury), 

(NO. 

] Hgo''. — This salt is prepared by acting with excess 

V NO. 
€rf nitric acid on mercury, or by dissolving mercuric 

oxide in the acid : — 

(NO. 

(i.) 3Hg + 8NO,Ho =3^Hgo" + 40H. + N2O.. 

(no 

Mercury. Nitric acid. Mercuric Water, Nitric 

nitrate. oxide, 

(2.) H^O + 2NO.H0 = 

Mercuric 
oxide. 

Several basic and acid mercuric nitrates are known. 
If mercuric nitrate is digested with excess of mercury, 
it is converted into mercurous nitrate : — 

( NO, f NO,. 

-^Hgo" + Hg = <Hg,o". 
I NO, ( NO, 

Mercuric nitrate. Mercury. Mercurous nitrate. 

Mercuric nitrate is used for preparing mercuric oxide. 
Mercuric Sulphide (protosulphide of mercury. 
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cmnnhAT) vermilion), HgS. — This substance is the 
tiK^ AbuTidant ore of mercury. It is of a scarlet 
colour* It is prepared either by a dry or wet process ; 
the ^ry (process consists in throwing an intimate mix- 
ture oif t part sulphur and 6 parts merciiry, in small 
ponions at a time, into red-hot earthen pots, whidi 
asxj then dosed for 32 hours; the pots are thai 
broken^ and the sulfide is ground to powder. 
The «vf process consists in digesting together mer- 
CU!^% sulphur, and solution of potassic pentasulphide 
for sexwal days. When sulphuretted hydrogen is 
|>aj;seil in excess into a solution of a mercuric salt, 
mercuric sulphide is obtained as a black precipitate, 
which becomes scarlet when sublimed : — 

HgCl^ ^ SHj = HgS + 2HCI. 

Merctxnc Stt1j:4\uretted Mercuric Hydrochloric 
chKvrvle^ hjp^voi^eii. sulphide. acid. 

It usually occurs in nature in fibrous masses, but oc- 
casionally it is found in hexahedral prisms. It is 
la»ely used as a pigment, being called vermilion. 

Mercuric Sulphate (persulphate of mercury), 
80^Hgo'\ — This salt is obtained by boiling together 
M^^ parts of mercury and three of sulphuric acid : 
mercurous sulphate is first formed, and afterwards de- 
composed into mercuric sulphate, sulphurous anhy- 
dride being evolved the whole time : — 

(i.) aHg + aSOjHo, = SOjHgjo" ■»- 2OH. + 80,. 

Mercury. Sulphuric Mercurous Water. Sulphurous 

acid. sulphate. anhydride. 

(aOSO-Hg^* + 2SO,Ho,=2SO,Hgo'' + 2OH, + 80,. 

Mercurous Mercuric 

sulphate. sulphate. 

It is obtained as a white crystalline powder, which 
is decomposed by water into a yellow insoluble basic 
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salt, called furpeth mineral {^Yigo" ^ and a soluble acid 
one. 

Mercuric sulphate is used in the preparation of 
mercurous and mercuric chlorides. 

Mercuric Iodide (red, or biniodide of mercury), 
Hgig- — T^is salt is obtained as a yellow precipitate, 
which becomes scarlet by exposure to light, by adding 
potassic iodide to a solution of mercuric chloride : — 

HgClg + 2KI = Hgl? + 2KCI. 

Mercuric Potassic Mercuric Potassic 

chloride. iodide. iodide. chloride. 

The quantity of the two salts used must be calculated 
according to the proportions given in the above equa- 
tion, as the iodide is soluble in an excess of either salt. 
.It is used in medicine, and in the preparation of 
Nessler's test for ammonia, which is an aqueous solu- 
tion of potassic iodide saturated with mercuric iodide, 
and rendered powerfully alkaline with potassic or sodic 
hydrate. It produces a yellow or brown coloration, 
with a trace of ammonia. " In the whole range of 
chemical analysis there is no determination which sur- 
passes that of ammonia in point of delicacy. It is 
questionable indeed whether any other approaches it. 
The Nessler test is capable of indicating one part of 
ammonia in 20,000,000 parts of water " (Wanklyn and 
Chapman). 

Tests for Mercurous Compounds, — Potassic hydrate 
precipitates the black oxide ('Hg'^O). Hydrochloric 
acid and soluble chlorides precipitate the white mer- 
curous chloride, which is blackened by solutions of 
potassic, sodic, and ammonic hydrates in excess. 

Tests for Mercuric Compounds, — Potassic hydrate 
precipitates the red oxide (HgO). Sulphuretted hydro- 
gen gives first a dirty white precipitate, which changes 
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into red, and then into the black sulphide (H^)» 
ammonic sulphide produces the sulphide at once; it is 
insoluble in nitric and hydrochloric acids. Hydro- 
chloric acid and soluble chlorides give no preajHtate, 
mercuric chloride being soluble. 

Both mercurous and mercuric compounds are ft- 
cognisable by the following reactions : — If introduced 
into a narrow tube with sodic carbonate and heated, 
globules of mercury are deposited on the cool part of 
the tube. If a strip of zinc, on which a piece of gold 
leaf is laid, be put into a mercurial solution, a white 
stain, owing to the mercury having amalgamated widi 
the gold, will appear on the gold leaf; this stain will 
disappear when heated. Stannous chloride (SnCl^) 
reduces mercurous salts to the metallic state, and 
mercuric salts first to mercurous chloride and then to 
the metallic condition : — 

(a) 2HgCl2 + SnClg = HgaClg + SnCU. 

Mercuric Stannous Mercurous Stannic 

chloride. chloride. chloride. chloride. 

(^) HgaClg + SnClg = Hg2 + Sna4. 

The precipitate obtained on the addition of stannous 
chloride is therefore first white, and turns grey as 
more is added. 

A strip of copper heated in a solution of mercmy 
becomes coated with a white copper amalgam, and 
yields globules of mercury on heating it in a tuhj. 

Copper— Cu. 

Atomic weight, 63*5. Molecular weight (probable), 63*5. 
Atomicity, II. ; also a pseudo-monad. Sp. gr., 8*8. 

Special Notice, — This metal was known to the 
ancients ; it was used by the Romans in making Mws^. 
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It derives its scientific name of cuprum from the isle of 
Cyprus, where the Greeks mined and smelted it. 

Occurrence in Nature.— Copper often occurs in 

nature in the metallic state, the largest masses found 
being over 150 tons in weight; they were obtained 
from the mines on the shore of Lake Superior, United 
States of America. The most abundant ore, however, 
is copper pyrites^ which is a double sulphide of copper 
and iron (FejCuA) ; but besides it, copper occurs as 

cuprous oxide, forming red or ruby copper ore^< pjjo ) ; 

as cuprous sulphide (copper glance^ 'Cu'«S) \ cupric sul- 
phide ifjXjSi^indigOy or blue copper); malachite^ or hydrated 
cupric carbonate (CO[OCuHo],), &c The localities 
for copper ores are Cornwall, Siberia, Hungary, Fah- 
lun, and the district of Lake Superior, United States. 
Preparation. — ^The principal place where copper- 
smelting is carried on in Great Britain is Swansea, in 
South Wales. The operations for extracting the metal 
from the pyrites are very complex ; but the object in 
view is to convert the ore into moderately pure cuprous 
sulphide ('Cu'aS), called ^;/^ metai^ by causing the iron 
to form a fusible silicate or slag with silica, which is 
added to the ore when roasted ; the sulphide is then 
roasted to convert it partially into cupric oxide 

(CuO),- 

'Cu'^ + 20a = 2CuO -h so,; 

Cuprous sulphide. Oxygen (from air). Cupric Sulphurous 

oxide. anhydride. 

and the mixed sulphide and oxide are then heated, 
without access of air, which causes the two to react on 
each other, copper and sulphurous anhydride being 
formed : — 
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Cu'^ + aCuO = 4CU + SO^ 

Cuprous sulphide. Cupric oxide. Copper. Sulphurous anhydnde. 

Properties. — Copper is a red metal, with a dis- 
agreeable odour and taste when rubbed after moisten- 
ing. It is more malleable than ductile, and is very 
tenacious. When heated nearly to melting it becomes 
brittle, and may be easily powdered. It is slightly 
volatile at a high temperature. Its melting point, 
estimated by Daniel's pyrometer, is 1090° C. It is 
one of the best known conductors of heat and elec- 
tricity. It does not decompose water, even when 
heated to redness. Heated in the air it oxidizes, 
forming cupric oxide : — 

2CU + 09 = 2CU0. 

Cupric oxide. 

If finely divided it bums like tinder. If copper-foil 
be placed in chlorine it takes fire spontaneously, form- 
ing cupric chloride : — 

Cu + CI2 = CuCl«. 

Cupric chloride. 

Hydrochloric acid, if exposed to the air, dissolves it ; 
but not otherwise, unless the metal be very finely 
divided and the acid boiling ; even then it dissolves 
very slowly, evolving hydrogen : — 

2HCI -H Cu = CuCla + Ha. 

Cupric chloride. 

Nitric acid dissolves it rapidly, evolving nitric oxide : — 

SCu + SNOaHo z= 3]Cuo" + 40Ha + |g^; 

Copper. Nitric acid. Cupric nitrate. Water. Nitric oxide. 

Sulphuric acid, unless heated, has no action on it j but 
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when hot, cupric sulphate and sulphurous anhydride 
are produced ; — 

Cu + 2SO,Hoa = SOgCuo" + 2OH, + SO2. 

Sulphuric add. Cupric sulphate. Water. Sulphurous 

anhydride. 

Introduced into the flame of a Bunsen's burner, copper 
tinges it green. 

Uses. — Copper is largely used in sheathing ships, 
in making boilers for marine engines, vats for dyers, 
&c. The alloy * now used for the bronze coinage 
consists of 95 parts copper, 4 parts tin, and i part 
zinc ; brass consists of about 64 parts copper and 
36 zinc ; gun-metal^ of 90 parts copper and 10 of tin ; 
and bronze^ of 91 parts copper, 6 parts of zinc, 2 of tin, 
and I of lead. 

Cupric Gompouhds. 

Cupric Oxide (black oxide of copper, copper 
scales, copper oxide, coppef monoxide, protoxide of 
copper), CuO. — This oxide is prepared by the follow- 
ing processes : — (i) By igniting cupric nitrate : — 

(NO. 

2 { CVLC, = 2CuO + 2N1O4 + O,. 

I N02 

Cupric nitrate. Cupric oxide. Nitric peroxide. Oxygen. 

(2) By igniting cupric carbonate : — 

COCuo" = OuO + COj. 

Cupric carbonate. Carbonic anhydride. 

(3) By decomposing cupric sulphate by potassic 
hydrate, and boiling the blue hydrate, which is pre- 
cipitate4» in water : — 

* An a/loy is a mixture of metals. 
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(,f) SOtCuo- + «KHo = CuHo, + SOjKOr 

Ott|vnc $ttlplMte« Fcttassic Cupric hydrate. PoUssic 

hydrate sulpbate. 

(f) CuHo, = CuO + OH^ 

Water. 

Cu^wtc oxiile so obtained is a black powder, wluch 
quickly absorbs moisture from the air. It is soluble 
in oiK ^^^1 hence may be the cause of accidental 
poisoning* if the copper and brass pans used in cuU- 
nary o^rations are not kept free from it When 
heated it does not give up its oxygen ; but if hydrogen 
or coal gas be passed over it while hot, it gives 
up its oxygen to them, with evolution of light and 
heat: — 

CuO + Hj = Cu + OHj. 

Cu|vric oxide. Hydrogen. Copper. Water. 

When fused with glass it colours it of a beautiful green 
colour. It dissolves in most acids, forming cupric 
salts. It is used in organic analysis to supply oxygen 
for burning the carbon and hydrogen. 

Cupric Hydrate (hydrated oxide of copper), 
GuHo^ — See Cupric Oxide (3). 

Cupric hydrate is soluble in ammonic hydrate, form- 
ing a blue solution ; this solution, if put into a bottfe 
along with some metallic copper, becomes colourless, 
owing to the formation of a cuprous compound. 

Cupric Chloride (chloride of copper), CuCl,.— 
When copper is burnt m chlorine, or cupric oxide or 
carbonate decomposed and dissolved by hydrochloric 
acid, this salt is formed : — 

I. Cu + Clj = CuCla. 
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1a. CuO . + 2HCI = CuCl, 4- OHj. 
Cupric Hydrochloric Cupric Water, 

oxide. acid. chloride. 

b. COCuo'^ + 3HCI = CuCla + OHa+COa. 

Cupric Carbonic 

carbonate. anhydride. 

It crystallizes in green deliquescent needles, having 
the composition GuCl2,20H2. Its solution, if con- 
centrated, is gre^n \ when dilute it is blue \ and the 
solid salt, when deprived of its water of crystallization, 
is somewhat coppery in its hue. It fuses when heated, 
and at a red heat is converted into cuprous chloride, 
losing half its chlorine : — 

aCuCl, = 'Cu'.Cl, 4. CI2. 
Cupric chloride. Cuprous chloride. Chlorine. 

It is very soluble in alcohol ; the solution burns with 
an intense green flame. 

Cupric Sulphate (sulphate of copper, bluestone, 
blue vitriol), St)2Cuo". — ^This, the most important salt 
of copper, is prepared (i) by boiling togeflier copper 
and sulphuric acid (see p. 243 for equation) ; (2) by 
roasting or natural oxidation of copper pyrites; (3) by 
dissolving cupric oxide in sulphuric acid, — 

CuO + SO2H02 = SOaCuo" + OHa; 

Cupric oxide. Sulphuric acid. Cupric sulphate. Water. 

and (4) by decomposing argentic sulphate (in refining 
rilver) solution by plates of copper, — 

SOaAgOj + Cu = SOaCuo" + Agj. 
Argentic sulphate. Copper. Cupric sulphate. Silver. 

Cupric sulphate crystallizes as SOHo8Cuo",40H2 in 
large blue rhombs. At the boiling point of water it 
loses four molecules of water, and at 204"^ C. it is 
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anhydrous, forming a white powder, which becoir 
blue when mixed with water. In taking up this wa 
again it hisses and evolves heat. It is largely i|J 
in calico-printing, in the fc»*mation of Scheelis a 
Schwdnfurth greens (cupric arsenites, which see\ 2 
in electrotyping. A basic cupric sulphate occurs 
nature, and is known as brocha^Uite^ SHo2(OCu''H< 

(NO, 
Cupric Nitrate (nitrate of copper), < Cuo .— 1 

two.. 

salt is prepared by dissolving copper in nitric a 
(see p. 242 for equation). It forms blue deUqi 
cent needles. Heated strongly it is converted i 
cupric oxide (see p. 243). It is very soluble 
alcohol. 

Cupric Garbonate, COCuo". — This normal 
has not yet been isolated. A basic salt knowi 
malachite (dicupric carbonate dihydrate, OO^OCu^K 
occurs in nature. It is a beautifully marked g 
mineral, very hard, and takes a high polish, an 
on this account used for ornamental purpose 
sodic carbonate be added to a hot solution of ci 
sulphate, a precipitate of a mixed carbonate 
hydrate, having the empirical composition COsHj 
is thrown down \ it is called mimral green^ and is 
as a paint. 

Hydric-cupric Arsenite (Scheele's gr( 

AsHoCuo*.— This compound is obtained as a 
green precipitate by adding a solution of arsei 
anhydride in potassic carbonate to a solution of c 
sulphate : — 

SO2CU0" + AsHoKOa = AsHoCuo" + SO 

Cupric Hydric-dipotassic Hydric-cupric Pot 

sulphate. arsenite. arsenite. snip 

Owing to its delicate tint it is used as a pain 
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printiisg wall-papers, and for dyeing; but it is a dan- 
gerous substance to use for such purposes, as it easily 
rubs off the paper and cloth, and will occasion arsenical 
poisoning if inhaled with the breath. It may easily be 
detected by introducing bits of the paper or cloth 
into Marsh's apparatus (see p. 163). Schweinfurth 
green is a mixture of cupric acetate and cupric arsenite. 

Cuprous Compounds. 

Cuprous Oxide (suboxide of copper, cupreous 
oxide, red oxide of copper), 'Cu'iO. — ^This oxide 
occurs in nature, forming red or ruby copper ore. It is 
prepared artificially (i) by boiling a solution of cupric 
sulphate, to which an excess of potassic hydrate has 
been added, with sugar ; the sugar acts as a reducing 
agent, and the cuprous oxide precipitates as a red 
powder; (2) by Jieating together cupric oxide and 
copper : — 

Cu^O + Cu = 'Cu'aO. 

Cupric oxide. Cuprous oxide. 

Its principal use is to stain glass of a ruby-red colour. 
Cuprous Hydride (hydride of copper), CU2H2.— 
This compound is prepared by adding hypophos- 
phorous acid (POHaHo) to a solution of cupric sul- 
phate ; the hydride precipitates as a bro^Ti powder. 
When heated to 70° C. it decomposes, hydrogen and 
copper being produced : — 

CUsH, =s: CUa + Ha. 
Cuprous hydride. 

If introduced into chlorine it takes fire spontane- 
ously : — 

CU2H, + 2Cla = CU2CI2 + 2HCI. 
Cuprous Chlorine. Cuprous Hydrochloric 

hydride. chloride. acid. 
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Acted on by hydrochloric acid, it is converted into 
cuprous chloride with evolution of hydrogen : — 

CU2H2 + 2HCI = 'Cu'aCl, + 2H^ 

This evolution of hydrogen proves that this gas, when 
in the free or molecular state, is not in the form of a 
single atom, but of two atoms, the bond of the one 
satisfying the bond of the other. 

Cuprous Sulphide (cupreous sulphide, subsul- 
phide of copper), 'Cu'aS. — This sulphide forms the 
mineral called copper glance, which occurs both mas- 
sive and in six-sided prisms. It may be prepared by 
heating together 3 parts sulphur and 8 parts copper; 
the combination takes place with incandescence : — 

2CU2 + 82 = 2'Cu'2S. 

Cuprous sulphide. 

It forms Xhefine metal produced in copper-smelting. 
It fuses easily, and is soluble in nitric acid and aqua 
regia. 

Cuprous Chloride (cupreous chloride, subchlo- 
ride of copper), 'Cu'2Cl2. — This salt is prepared (i) 
by digesting together metallic copper and cupric 
chloride, — 

CuCla -h Cu = 'Cu'2Cl,; 

Cupric chloride. Cuprous chloride. 

(2) by dissolving a mixture of cupric oxide and copper 
in hydrochloric acid, — 

CuO + Cu + 2HCI = 'Cu'.Cl, + OH,; 

Cupric Hydrochloric Cuprous Water, 

oxide. acid. chloride. 

(3) by distilling copper with twice its weight of mer- 
curic chloride,*— 

2Cu + HgCla = 'Cu'aCl, + Hg. 

Mercuric chloride. 
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iprous chloride is a white solid, insoluble in water, 
•le slightly in strong hydrochloric acid ; the chlo- 
is precipitated on diluting the acid with water, 
solution of it in hydrochloric acid absorbs carbonic 
: gas (GO), forming a compound which crystallizes 
arly scales. If the hydrochloric acid solution is 
>ed to the air, oxygen is absorbed, and a pale bluish 
I precipitate, known as Brunswick greeny used as a 
, precipitates. The compound occurs in nature 
uatnite. 

)sts for Copper Compounds.— C«/^<^«j Salts 

"Compounds,— Heated on charcoal in inner blow- 
flame with sodic carbonate they 3rield a bead of 
llic copper. They are insoluble in water, and 
le in hydrochloric acid : this solution absorbs 
tnic oxide. Having been little studied, the 
for them are not thoroughly known. 
pric Salts and Compounds, — The colour of their 
ions is blue or green. Sulphuretted hydrogen 
immonic sulphide precipitate the black hydrated 
ide (CuS), almost insoluble in ammonic sul- 
^ Potassic and sodic hydrates in excess preci- 
; cupric hydrate (CUH02), which when boiled 
the liquid becomes black from the formation of 
c oxide (CuO). Ammonic hydrate causes the 
precipitate ; but when in excess it redissolves it, 
ng a splendid dark blue solution, very charac- 
ic of copper. Potassic ferrocyanide gives a dark 
e-red precipitate of cupric ferrocyanide, insoluble 
drochloric acid. A piece of bright iron dipped 
a slightly acidulated solution of a cupric salt 
nes coated with red metallic copper. Heated 
sodic carbonate on charcoal in inner blowpipe 
! a bead of copper is obtained. - . 
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.Triad Metals. 
Gold— Au^ 

Atomic weight, 1967. Atomicity, III. and I. Sp. gr., 

19 3 to 19-$. 

Occurrence in Nature. — ^This metal is widely 

found in very small quantities throughout nature. 
It is always obtained in the metallic state, beautifully 
crystallized in a cubic form, associated with sand, 
quartz, and oxide of iron. The sands of various 
rivers contain it in a finely divided state. This is the 
gold-dtist of commerce. 

Preparation, — The quartz containing the gold is 
ground to powder, agitated with mercury, which takes 
up the gold, forming gold amalgam, and the amalgam 
is afterwards distilled, as in the process for preparing 
silver. 

Properties. — Gold is a rich yellow metal, possess- 
ing great lustre. It is about as hard as lead, is very 
ductile, and the most malleable of the metals. The 
thinnest gold leaf is not more than i -280,000th of 
an inch thick. It melts at 1100° C. It does not 
oxidize in either dry or moist air at any temperature, 
and is unacted on by any single acid except selenic 
(Se02Ho2) ; the solvent for it is a mixture of nitric 
and hydrochloric acids, which on this account is called 
aqua regia (royal water). Any mixture evolving or 
containing free chlorine will dissolve it When po- 
tassic or sodic hydrates are fused on it the metal is not 
corroded, and hence it is used for making crucibles in 
which these substances can be fused. At the ordinary 
temperature it combines directly with chlorine and 
bromine, and with phosphorus when heated. 

Uses. — Gold is used for gilding on porcelain and 
wood, and in the galvanic battery for electro-gilding 
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on metals. Bohemian ruby glass is coloured by gold. 
It is also largely used for coining. Gold coins are 
alloyed with a proportion of silver or copper to 
increase their hardness and durability. English 
standard gold contains i-i 2th of copper. Gold forms 
a semi-solid amalgam with mercury. 

Auric Compounds. 

Auric Chloride (terchloride of gold, gold ter- 
chloride), ^-UCls. — Whei^ gold is dissolved in aqua 
regia this salt is produced : — 

Aquaregia. 

Au,+ 2NO2H0 + 6HC1 = 2AuCl8 + 40Ha+ { §Q. 

Nitric Hydrochloric Auric Water. Nitric 

acid. acid. chloride. oxide. 

This is the most important compound of gold, and is 
a deliquescent yellow solid, soluble in water, alcohol, 
and ethen Ether removes it from its aqueous solution. 
It forms a crystalline compound with hydrochloric 
acid {AuCls,HCl). It is used in gilding, both electro- 
type and dipping. For dipping the chloride is mixed 
with hydric-sodic carbonate in excess, and the articles, 
after being cleansed with dilute nitric acid, are boiled 
in the solution. It is also extensively used in photo- 
graphy for giving the tone to paper pictures. 

Auric Oxide, AU2O8, is also known. 

AuroUS Chloride (protochloride of gold, gold 
monochloride), AuCl. — Auric chloride when heated 
to 185° C. fuses, and loses a molecule of chlorine, 
forming aurous chloride : — 

AuCls = AuCl + CI55. 

Auric chloride. Aurous chloride. Chlorine. 

It is a yellow, unstable, slightly soluble powder. 
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Boiled with water it is decomposed into auric chloride 
and gold : — 

3AUCI = Auo + AUCI3. 

Aurous chloride. Gold. Auric chloride. 

Heated to 204° C. it is decomposed into its elements. 

Aurous Oxide, ^Au'gO, is also known. 

Tests for Gold Compounds, — Gold compounds are 
recognised by the following tests : — On addition of 
ferrous sulphate (SOgFeo") to acidulated solutions 
free from nitric acid, a brown precipitate of metallic 
gold is produced. A bar of metallic tin causes a 
precipitate of the purple of Cassius. Oxalic acid 

\ I rOHo/ ^^^^ reduces gold compounds to the 
metallic state. 

Tetrad Metals. 

Aluminium— Al. 

Atomic weight, 27 '5. Molecular weight, unknown. Molecular 
volume, unknown. Atomicity, IV., but always acts as a 
pseudo-triad. Sp. gr., 2 '6. 

Special Notice, — ^Aluminium was discovered by 
Wohler in 1828. He obtained it by decomposing 
aluminic chloride by means of potassium. It derives 
its name from alum^ of which it is a constituent. 

Occurrence in Nature. — Aluminium is a very 
abundant element. It occurs in nature in various 
silicates, e. g., clay, shale, kaolin, halhysite, fuller^ s- 
tarth, albite, felspar, labrculorite, mica^ hornblende, 
gneiss, porphyry, granite, syenite, basalt, chlorite, &c. ; 

as hydrate, forming gibbsite ( < "aiho / ^^^ diaspore 
( < "aiqho^ > ^ oxide, forming corundum, sapphire^ 
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and ruby I \ "^iqO ) ; as magnesic aluminate, form- 
ing spinette ( < ^JOgMgo" ) ; as basic sulphate, form- 
ing aiuminitej SO2(Al2O2Ho4)*',70H2, and alunite or 
alum-stone; and as fluoride, combined with sodic fluo- 
ride, forming cryolite (ALFg,6NaF). 

F^eparation. — ^Alummium may be obtained (i) 
by introducing into a platinum tube, closed at one 
end, aluminic chloride (Al2Cl6)> with an equal quan- 
tity of potassium loosely wrapped up in platinum-foil. 
The closed end of the tube is then heated, so as to 
sublime the chloride, bringing its vapours into contact 
with the melted potassium : — 

{'ffS + 3K2 = 2AI + 6KC1. 

Aluminic chloride. Potassium. Aluminium. Potassic chloride. 

The metal is separated from the potassic chloride by 
cold water. 

(2) It is now largely prepared from the mineral 
cryolite. Alternate layers of cryolite and sodium are 
introduced into a crucible and strongly heated ; 
aluminium is separated and sodic fluoride formed : — 

'Al%Fe,6NaF + sNag = i2NaF + 2AI. 

Cryolite^ Sodium. Sodic fluoride. Aluminium. 

Properties. — Aluminium is a very light, malleable 
metal, resembling zinc. It is also ductile, and veiy 
sonorous. Heated in air or oxygen to redness it 
bums, forming aluminic oxide : — 

4AI + 3O2 = 2'A1"203. 

Alummic oxide. 

It melts at a lower temperature than silver, and crys- 
tallizes on cooling in regular octahedra. Hydro- 
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chloric acid dissolves it with evolution of hydrogen and 
formation of aluminic chloride. Nitric acid is without 
action on it in the cold, and dissolves it very slowly 
when heated. Potassic and sodic hyArateSy when 
heated, dissolve aluminium with evolution of hydrogen 
and formation of potassic or sodic aluminate : — 

2AI + 2KH0 + 2OH2 = {^oKo + 3^2- 

Potassic Water. Potassic Hydrogen, 

hydrate. aluminate. 

Uses. — Aluminium is used principally in the manu- 
facture of aluminium bronze^ which is an alloy of 
copper and aluminium, containing 90 parts copper and 
10 parts aluminium. Owing to its lightness andunal- 
terability in air, it has been proposed to use it in 
making small weights. Some difficulty is experienced 
in soldering it. 

Principal Compounds. 

Aluminic Oxide (alumina, sesquioxide pf alu- 
minium), < "JIqO. — This oxide occurs in natiire as 

corundum^ sapphire^ and ruby^ the two latter being 
precious stones ; their colour is due to chromic oxide. 
If ammonic hydrate in excess be added to a solution 
of aluminic sulphate, and the precipitated hydrate 
dried and heated to redness, aluminic o3dde is pro- 
duced : — 

* i. S30e(Al20ey' + 6AtnHo rrAlgHoe + sSOgAmOj. 

Aluminic Ammonic Aluminic Ammonic 

sulphate. hydrate. hydrate. sulphate. 

* The aluminic hexad radical (AljOj)^ may also be written 
in the usual abbreviated form thus, Algo" : the formula for alu- 
minic sulphate thus becomes BaOeAlgO'*. The same rule may 
be applied to the compounds of other metals containing hexad 
radicals, e»g,^ FejO^, CrgO"", Mn^o'''. 



2. 
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ALHoe = (4}^o + son,. 



'« = lAlO 



Aluminic oxide. Water. 



Thus obtained, aluminic oxide is a white, tasteless 
mass, scarcely affected by acids. It is fusible befote 
the oxyhydrogen blowpipe. 

Aluminic Hydrate (hydrate of alumina), I ^Hq^- 
— Diaspore and gihhsite are naturally occurring hy- 
drates, the former having the composition (< "aioHo )' 

the latter^ I AlHoO* ^^ '^^ artificially obtained by 

adding ammonic hydrate to a solution of an aluminium 
salt (see preceding paragraph for equation). It is a 
white, bulky, gelatinous powder, soluble in potassic 
hydrate And acids. In combination with colouring 
matters it forms the pigments called lakes^ and it is 
extensively used as a mordant for fixing colours on 
cloth in dyeing. A modification of aluminic hydrate 
is known, which is largely soluble in water containing 
a small quantity of acetic acid. 

Sodic Aluminate (aluminate of soda), I ^^^q'. 

— This compound is prepared by heating bauxite, sl 
mineral contaiining 75 per cent, of aluminic oxide. 
This is heated with sodic carbonate until a portion of 
the mass no longer effervesces with an acid ; it is then 
treated with water, filtered, ahd evaporated to dryness. 
It forms a white, infusible solid, freely soluble in 
water. It is used instead of alum in preparing lakes 
and in dyeing. It is converted into aluminic hydrate 
and sodiic carbonate by passing carbbnic anhydride 
through it. 
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When solutions of sodic aluminate and aluminic 
chloride are mixed, they undergo mutual decompo- 
sition, aluminic hydrate and sodic chloride being 
formed, and the former precipitating : — 

Sodic Aluminic Water. Aluminic Sodic 

aluminate. chloride. hydrate. cUoride. 

Aluminic Chloride (chloride of aluminium), 
Al'"2Cl6 or { AlCr~^^^'^ compound cannot be ob- 
tained free from water by dissolving aluminic oxide in 
hydrochloric acid and evaporating the solution to 
dryness, as the acid is expelled during the evapora- 
tion. It is therefore prepared as follows : — Aluminic 
oxide is mixed with charcoal and strongly calcined 
in a covered crucible. The contents of the crucible 
are then transferred to a porcelain tube heated tc 
redness in a furnace ; a current of chlorine is passec 
through the tube, when the aluminic chloride con 
denses in the cold part of the apparatus : — 

{ i}80 + 3CI, -. 3C = { ^gi« 4. 3CO. 

Aluminic oxide. Chlorine. Carbon. Aluminic Carbon 

chloride. oxide 

Aluminic chloride is a deliquescent salt, and hissc 
when thrown on water. The solution on evaporatio 
yields crystals having the composition Al2Clg,i20H 
It is used in the manufacture of aluminium. 

Aluminic Fluoride, { ^' or 'AlVe— This sa 

occurs, combined with sodic fluoride, in natun 
and is obtained in this form in large quantities froi 
Greenland ; it is known as cryolite. It is used in th 
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facture of aluminium, of sodic aluminate, and 
j/ porcelain, 

Uminic Sulphate (sesquisulphate of alumi- 
aluminium sulphate, concentrated alum), 
[AlgOg)'"', iSQHg. — This salt is obtained by boiling 
aric acid with burnt clay, or by saturating dilute 
aric acid with aluminic hydrate and evaporating, 
thin crystallized scales of aluminic sulphate are 
led; it has an acid reaction, and when heated 
dness is decomposed. It combines with the 
ates of sodium, potassium, and ammonium^ 
Qg double salts. A basic aluminic sulphate, 
n as aluminitey is found in nature ; it is aluminic 
ite-tetrahydrate (SO2[Al2O2Ho4]",70H2). 

potassic - aluminic Tetrasulphate (alum, 

1 alum, aluminium potash alum, sulphate of 
niumandpotassium),S4O8Ko2(Al2Og)''S240H2. — 

is manufactured (i) from a slaty kind of clay 
I contains ferric disulphide (FeSg). This alum 

as it is called, is first gently roasted, then 
ened with water and exposed to the atmo- 
e. The sulphur of the disulphide is converted 
ulphuric acid by combination with oxygen from 
r. Ferrous sulphate and aluminic sulphate are 
ced. These salts are dissolved by lixiviation 
water, and the solution is concentrated by 
ration, and mixed with potassic chloride, which 
nposes the iron salt, forming ferrous chloride 
)0tassic sulphate. This potassic sulphate then 
ines with the aluminic sulphate to form alum, 
errous chloride, which is very soluble in water, 
arated from the alum by crystallization : — 

?eS2 -f 7O2 + 20Hj = 2S02Feo" + 2SO2H0,. 

'erric Oxygen. Water. Ferrous Sulphuric 

ilphide. sulphate. acid. 

S 
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*.Si303(AljO,)"+3SO,Ho,=S80e(Al20e)"+3SiOHo, 

Aluminic Sulphuric Aluminic Silicic 

silicate. acid. sulphate. acid. 

c. S30q(A120«)'' + SO2K02 + 24OH2 = 

Aluminic sulphate. Potassic sulphate. Water. 

S4O8Ko2(Al2Os)-,«40H? 

Alum. 

(2) By adding potassic sulphate to aluminic sulphate, 
produced as described under that substance. 

Alum crystallizes in regular octahedra, which melt 
in their water of crystallization when heated ; and if 
the heat be continued, a white, infusible, porous mass 
of anhydrous or burnt alum (the alunien ustum of the 
druggist) is left. Alum is largely used in dyeing as a 
mordant ; the aluminic hydrate, which easily separates 
when cloth or fibre is put into a solution of it, attaches 
itself both to the colouring matter and the fibre, and 
so fixes the colour on the cloth. It is also used in 
purifying water. 

The term alum has now become generic, as it is 
found that chromium, manganese, and iron may each 
be substituted for aluminium and sodium, and am- 
monium for potassium, thus yielding a great variety 
of alums, of which the following may serve as ex- 
amples : — 

g4O8Ko2(Al2O0)''S24OH2, common alum,dipotassic- 
aluminic tetrasulphate. 

S4O8Nao2(Cr2O0)'",24OH2, disodic-chromic tetra- 
sulphate. 

S4O^Amo2(Fe2Og)'»,240H2, diammonic-ferric tetra- 
sulphate; &c. 

All these compounds are constituted similarly, and 
therefore crystallize in the same form — the regular 
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Octahedron ; they cannot therefore be separated by 
Crystallization, for they crystallize on each other's 
crystals. 

Ammonia alum is now largely manufactured, and is 
gradually superseding common potash alum. 

Aluminic Silicates. — As already stated, these 
silicates are numerous; they are also important, as, 
owing to their abundance and peculiar properties, 
they are of great use for many purposes. All clays are 
aluminic siHcates, but their composition is very vari- 
able. The following analysis of the best Stourbridge 
fireclay will show to some extent their composition : — 

Silica (SiOg) . . . 72*04 



Aluminic oxide (AI2O3) 
Water (OH2) 
Ferric oxide (^^4^%^ . 
Calcic oxide (CaO) . 
Magnesic oxide (MgO) . ] 
Potassic (OK.2) andsodic oxides > 
(ONaa) . . . . j 



1879 
670 

1-68 
0*69 

traces. 



9990 

Clays containing calcic carbonate, indicated by their 
effervescing on addition of hydrochloric acid, are 
called marls. These silicates are used in the manu- 
^u:ture of earthenware and porcelain, of glass, of 
alum, &c. 

Tests for Aluminium Compounds. — Potassic or 
sodic hydrate, added drop by drop, causes a white 
gelatinous precipitate of aluminic hydrate (Al^Hoe), 
which is soluble in excess of the reagent. Ammonic 
hydrate causes the same precipitate, but does not 
redissolve it when in excess. Ammonic sulphide also 
precipitates the hydrate with simultaneous evolution 
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of sulphuretted hydrogen (SHg). Heated on char- 
coal with cobaltous nitrate, aluminic compounds give 
a blue mass. 

Platinum— Pt. 

Atomic weight, 197 '12. Atomicity, IV. and II. Sp. gr., 21*5. 

Special Notice. — This metal was discovered in 174 1, 
by Wood, an assay-master in Jamaica. Its name 
signifies little silver, 

Occuitence in Nature.— Platinum occurs in 

nature in admixture, as alloys, with the metals 
rhodium, palladium, iridium, ruthenium, osmium, 
gold, silver, copper, iron, and lead. The localities 
where it occurs are the Ural Mountains in Russia, 
Mexico, Brazil, California,. and Australia. 

Preparation. — Wollaston has the honour of 
ha\'ing invented the process by which platinum was 
first extracted. He treated the ore with aqua regia, 
which removes the most easily oxidizable metals first, 
and on continuing the digestion with application of 
heat the platinum dissolves : — 

Aqua reg;ia. 

2Pt + 8HC1 + 4NO2H0 = 2ttCl4 + IJJg + 

Hydrochloric Nitric Platinic Nitric 

add. acid. chloride. oxide. 

NaO^ + 60H^ 

Nitric peroxide. Water. 

When complete solution has occurred, or when 
nothing soluble remains, the liquid is decanted and 
mixed with a solution of ammonic chloride; this 
causes the separation of a double chloride of am- 
monium and platinum (PtCl^,2AmCl) in yellow 
crystals. The crystals are dried and ignited, the 
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ignition decomposes them, ammonic chloride and 
chlorine being evolved, and platinum in a state 
known as spongy plcUinum remains : — 

PtCl4,2AmCl = 2AmCl + 2 CI, + Pt. 

Double chloride Amnionic Chlorine. Platinum. 

ofPtandNH*. chloride. 

The platinum is washed, put into a brass mould, and 
pressed ; the mass becomes compact, and assumes a 
metallic appearance. It is then heated in a wind 
furnace, and hammered on its ends into an ingot. 

MM. Deville and Debray fuse the platinum in a 
crucible made of calcic oxide, by means of the oxy- 
hydrogen flame. 

Properties. — Platinum is a white, lustrous metal, 
about as hard as copper. It is equal to iron in duc- 
tihty, and very tenacious. It is infusible at all known 
forge-heats, but can be converted into vapour by the 
oxyhydrogen blowpipe flame or the heat of the electric 
arc. Its sp. gr. is the same as those of osmium and 
iridium, these three metals being the heaviest sub- 
stances known. It is the least expansive of the metals 
under heat, its co-efficient of expansion being nearly the 
same as that of glass, and hence it can be fused into 
that substance, a property which often admits of appli- 
cation in chemical apparatus. It is npt oxidized at any 
temperature in air ; no single acid has any effect on it, 
but it is dissolved, though only slowly, by aqua regia : 
heated to redness with nitrates or hydrates, it is 
corroded. Compounds of easily reducible metals 
ought never to be heated in platinum crucibles, as 
they unite with the platinum, forming a readily fusible 
alloy, and sp destroy the crucible. Spongy platinum 
becomes red-hot in a jet of hydrogen gas. 

Uses. — Platinum is used for the manufacture of 
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Stills for concentiatiDg sulphuric acid, and other 
chemical apparatus: It was attempted to use it for 
coins in Russia, but it was found inconvenient In 
the forms of spongy platinum and platinum-bkuk it 
possesses the property of so condensing gases as, in 
cases where there is any tendency to combination, to 
cause elements to unite, and is used for this purpose, 
as in the case of oxygen and hydrogen, to form water. 

Principal Componnds. 

Platinic Compounds. 

Flatinic Chloride (tetra- or bi-chloride of plati- 
num), PtCl*. — This is the most important salt of 
platinum. It is formed when platinum is dissolved in 
aqua regia (see p. 260). On evaporating to dryness a 
reddish brown residue is left, very soluble in water and 
alcohol The solution has an orange-yeUow colour. 
It forms a variety of double salts with metallic chlo- 
rides, and also with organic chlorides. When a solu- 
tion is added to a solution of potassic chloride, or any 
potassium salt to which a few drops of hydrochloric 
acid have been added, a bright yellow crystalline pre- 
cipitate is produced of the double cliloride of platinum 
and potassium (PtCl4,2KCl). This is a very delicate 
reaction, both for platinum and potassium. 

Platinous Compounds. 

Flatinons Chloride (protochloride of plati- 
num), PtClg. — ^This salt is obtained by heating 
platinic chloride to ^32" C. until no more chlorine 
is evolved : — 

PtCU = PtClg -h cv 

Platinic chloride. Platinous chloride. Chlorine. 

It is an olive-coloured powder^ insoluble in water. 
Platinic and platinous oxides are also known. 
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Tests for Platinum Compounds. — Platinic com- 
pounds give a yellow precipitate of double chloride 
(PtCl4,2KCl or PtCl4,2AmCl) with potassic or am- 
nionic chloride. (See Platinic Chloride.) Sulphuretted 
hydrogen precipitates the black sulphide (PtSa), in- 
soluble in nitric acid. Ammonic sulphide gives the 
same precipitate and redissolves it when present in 
large excess. The double chloride with ammonium 
is decomposed by heat, yielding metallic platinum. 

Lead— Pb. 

Atomic weight, 207. Atomicity, IV. and II., also occasionally a 

pseudo-triad. Sp. gr., 11*445. 

Occurrence in Nature. — Lead occurs in nature 
as sulphide (PbS), known as galena and lead glatice. 
It is also found occasionally as carbonate (COPbo"), 
known as lead spar and white lead ore, England and 
Spain yield it in largest quantities. 

Preparation. — The sulphide is separated mechan- 
ically from the other substances with which it is 
mixed, and is then roasted in a reverberatory furnace, 
through which air passes ; part of the sulphur bums off, 
part of the lead is converted into oxide, and part into 
sulphate : — 

(i.) 2PbS + 3O, = 2PbO + 2SO2. 

Plumbic Oxygen. Plumbic oxide. Sulphurous 
sulphide. anhydride. 

(2.) PbS -f 2O2 = SOaPbo". 

Plumbic sulphate. 

When this oxidation has proceeded far enough, the 
air current is cut off, the furnace doors are closed, and 
the temperature raised, the sulphate and oxide react 
upon the sulphide, sulphurous anhydride is evolved, 
and metallic lead remains ; — 
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(i.) PbS + 2PbO = 3Pb + SO2. 

Plumbic sulphide. Plumbic oxide. Lead. Sulphurous anhydride. 

(2.) PbS + SOjPbo" = 2Pb + 2SO2. 

Plumbic sulphate. 

Properties. — Lead is of a bluish white colour, and 
so soft as to leave marks when rubbed on paper. It is 
neither very malleable nor very ductile. It melts at 
334** C, and contracts on cooling ; it may be crys- 
tallized in cubic or octahedral crystals. It speedily 
tarnishes in air, and also in pure water if exposed to 
the air at same time ; a white film makes it appear- 
ance, covering the whole of the lead. This deposit \s 
chiefly due to the action of the carbonic anhydride in 
the water, and consists of a combination of plumbic 
carbonate and hydrate, COPbo'^PbHog. When heated 
in air it oxidizes rapidly, giving off white fumes of 
oxide ; and if in a finely divided state, as obtained by 
igniting its tartrate in a narrow tube to which air has 
no access, it takes fire in air spontaneously. Sulphuric 
and hydrochloric acids have very little action on it, 
even when boiling ; but nitric acid dissolves it readily, 
evolving nitric oxide : — 



3Pb + 8NO,Ho = 3 I Pbo'' + 4OH, + j g^. 

Nitnc acid. Plumbic nitrate. Water. Nitric oxide. 

Lead is nearly pure as met with in commerce. 

Uses. — Lead is extensively used in the form of 
sheets in roofing, in making sulphuric acid chambers, 
and in forming water-pipes, cisterns, &c. A^oyed with 
arsenic sufiicjent to facilitate its assuming the globul^ 
form, it is used in making shot \ with antimony and 
tin it forms tyfe-metaly an alloy which expands on 
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cooling. Fusible metal, pewter^ Britannia metaly solder, 
&c.y are other alloys containing lead. 

* 

Principal Compounds. 

Plumbic Oxide (protoxide of lead, litharge, 
massicot, le?^d mqnqxid?), PbO. This oxide is ob- 
tained t^ heating lead in a current of air : — 

aPb 4- 0« = 2PbO. 

It is of a yellow colour. It is soluble in sodic hydrate, 
and the solution, on exposure to air, absorbs car- 
bonic anhydride and deposits the oxide in dodeca- 
hedral crystals. It fuses at a red heat, and crystallizes 
in scales on cooling. It gradually absorbs carbonic 
anhydride from the air. It is used as a flux in assay- 
ing, in making optical glass, and is a constituent of 
the glaze of earthenware. It dissolves in acids, form- 
ing plumbic salts. 

A plumbous oxide ('Pb^O) of a black colour is also 
known. 

Plumbic Peroxide (peroxide, binoxide, puce- 
coloured or brown oxide of lead, lead dioxide), 
PbOj. — This oxide is obtained by treating red-lead 
(see below) with nitric acid ; the plumbic oxide 
contained in it is dissolved, and plumbic peroxide 
remains, and is separated by filtering and wash- 
ing :— 

(NO, 
PbPbo"a + 4NO,Ho = 2 -? Pbo* + PbO2+20H2. 

Triplumbic Nitric acid. Plumbic nitrate. Plumbic Water. 
tetroxide peroxide, 

(red-lead). 

Plumbic peroxide is a brown powder. At a red heat 
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it is converted into plumbic oxide and oxygen : — 
2PbOj= 2PbO-f Oj. Hydrochloric acid converts 
it into plumbic chloride, with evolution of chlorine : — 
PbOa + 4HCl=PbCl2 + 2OH2 + CU When heated 
with sulphuric acid it forms plumbic sulphate, oxygen 
being liberated:— 2PbO, +^2S02Ho,= 2SO,Pbo" 
+ 20H2-f O2. Plumbic peroxide is used to separate 
sulphurous anhydride from gaseous mixtures : — 

PbO, + SO2 = SO^Pbo". 

It acts as a feeble anhydride, forming salts called 
plutnbates. 

Red-lead, — Three compounds are known in com- 
merce as red'leady minium^ or red oxide of lead; 
these are diplumbic trioxide (PbOPbo"^, triplumbic 
tetroxide (PbPbo^g), and tetraplumbic pentoxide 

(PbPbo'lPb^Os]"). 
They are prepared by exposing for a long time to 

a dull red heat the plumbic oxide, which has not been 

fused. The result is a brilliant red powder. By the 

action of acids they are converted into solutions of 

plumbic salts and plumbic peroxide. They are used 

in painting, and sold as a substitute for vermilion; 

but their chief use is in glass-making, ho\Ai flint and 

optical At a high temperature they are decomposed, 

oxygen being given off. 

Plumbic Sulphide (galena, lead glance), PbS.— 
This is the most abundant ore of lead ; it is found 
crystallized in cubes, very metallic-looking, and of a 
deep lead colour. The hydrated sulphide is obtained 
by passing sulphuretted hydrogen through a solution 
of a plumbic salt. It is decomposed by nitric acid, 
aqua regia^ and boiling hydrochloric acid. 

Plumbic Chloride (chloride of lead), PbCl^— 
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If hydrochloric acid or sodic chloride be added to 
a solution of plumbic nitrate, a precipitate of 
plumbic chloride is obtained as a heavy white 
powder : — 

\ Pbo" + aHCl = PbCU + 2NO,Ho. 
(NO. 

Plumbic nitrate. Hydrochloric Plumbic Nitric acid. 

acid. chloride. 

It dissolves in 33 times its weight of boiling water, 
and separates in six-sided needles on cooling. It is 
easily fusible, and is volatile at a high temperature. 

Plumbic Sulphate (sulphate of lead, lead vitriol), 
SOiPbo". — This salt occurs in nature, and is obtained 
by adding sulphuric acid to a solution of a plumbic 
salt. It forms a white powder, slightly soluble in 
nitric acid, but insoluble in pure water. It is formed 
in the extraction of lead and in the preparation of 
aluminic acetate. It is reduced to metallic lead by 
heating in the reducing blowpipe flame. 

Plumbic Nitrate (nitrate of lead, plumbic di- 

(NO, 

nitrate), < Pbo'^. — This salt is prepared by dissolving 

(no, 

plumbic oxide or lead in nitric acid : — 

(0 PbO + 2NO,Ho = \ Pbo* + OH,. 

Plumbic oxide. Nitric acid. Plumbic nitrate. Water. 

(2) See page 264. 
It is soluble in 8 times its weight of water, and crys- 
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tallizes in regular octahedra ; heated to redness it is 
decomposed as follows : — 

2^ Pbo^ = 2 PbO + 2N«0^ + Og. 
I NO2 Plumbic oxide. Nitric peroxide* Oxygen. 

It is used in preparing plumbic chromate (chrome 
yellow). 

Plumbic Carbonate (carbonate of lead, white- 
lead, lead spar, white-lead ore), COPbo^. — This salt 
is sometimes found crystallized in long white needles 
with other lead ores. It may be prepared by adding 
in the cold a solution of sodic carbonate to a solution 
of plumbic acetate. It is, however, largely manufac- 
tured for painting by the following process, known as 
the Dutch method:— Into a great number of earthen 
jars, arranged side by side, a little vinegar (weak acetic 
acid) is poured. These jars stand on mapure or tan ; 
to each jar a roll of sheet lead is adapted, or bars cast 
into the shape of a portcullis are placed, so as not to 
touch the vinegar or project above the jar. The jars 
are loosely covered with boards, and a layer of tan or 
manure is placed upon the top. Another row of pots 
is then placed upon the top of these, covered in like 
manner. By this arrangement a pile of many rows is 
constructed. After the lapse of some days the sheets 
or bars of lead are taken out of the pots, when it is 
found that they are in great part converted into the 
carbonate, which is made ready for use by washing 
and grinding. The nature of the change is explained 
as follows :— the heat of the decomposing ma^iure, or 
tan, causes the acetic acid to volatilize and attack the 
lead, forming plumbic acetate, which is then decom- 
posed by the carbonic anhydride of the decomposing 
manure : — 
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( C(Me)0 f„„ 

\ Pbo" + CO2 + OH, = COPIK/+2 ^XolSro. 
(.C(Me)0 tOOHo 

Plumbic Carbonic Water. Phnnbic Acetic 

acetate, anhydride. carbonate. acid. 

The acetic acid thus set free acts on another por- 
tion of lead, and so the process is continuous. The 
carbonate, although very insoluble in pure water, is 
slightly soluble in water containing carbonic anhy- 
dride, which is nearly always the case. If the water 
were quite pure it would be contaminated with lead, 
and in course of time the whole of the lead would be 
dissolved. As all lead compoimds are very poisonous, 
pure water, or water containing much free carbonic 
anhydride, cannot therefore be kept in leaden cisterns, 
or passed through leaden pipes. In common river 
and spring water, however, a little calcic sulphate is 
almost always present ; this forms a thin film of the 
insoluble plumbic sulphate, which prevents further 
action. It is for this reason that leaden cisterns may 
generally be used without danger. 

Plumbic Ghromate (chromate of lead, chrome 
yellow, lead chromate), CrOjPbo". — The salt is ob- 
tained as a yellow precipitate by adding a solution of 
potassic chromate, or bichromate, to a solution of 
plumbic acetate or nitrate : — 

(NO. 

\ Pbo" + GrOjKo, = CrOjPbo" + 2NO,Ko. 

(NO, 

Plumbic Potassic Plumbic chromate. Potassic nitrate, 
nitrate. chromate. 

When boiled with calcic hydrate, plumbic chromate 
becomes of a scarlet colour, owing to its being con- 
verted into diplumbic chromate : — 
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2CrO,Pbo" + CaHo,=CrOPbo"2 + CrOaCao" + OH,. 

Calcic Diplumbic Calcic Water, 

hydrate, chromate. chromate. 

It is used in dyeing yellows and oranges, and for 
supplying oxygen in certain cases of combustion 
analysis. 

Tests for Lead Compounds. — The soluble salts redden 
litmus. Sulphuric acid and solutions of sulphates 
precipitate the white sulphate (SOgPbo"), almost in- 
soluble in water and acids. Hydrochloric acid and 
chlorides precipitate from concentrated and mode- 
rately dilute solutions the white crystalline chloride 
(PbClg), which redissolves on warming. Sulphuretted 
hydrogen converts all compounds of lead, whether 
soluble or insoluble, into plumbic sulphide (PbS), in- 
soluble in potassic and sodic hydrates. Potassic 
chromate precipitates the yellow chromate (CrOgPbo") ; 
potassic iodide, the yellow iodide (Pbl2)- Heated 
in the reducing blowpipe flame on charcoal with sodic 
carbonate, they yield metallic globules, which make a 
black mark when rubbed on paper. 

Tin— Sn. 

Atomic weight, 118. Atomicity, IV. and II. Sp. gr., 7*28. 

Special Notice, — Tin was known to the ancients. 
The Phoenicians are said to have traded with the 
ancient Britons for tin. 

Occurrence in Nature. — Tin occurs in nature 

principally as stannic oxide or anhydride (SnOj), 
commonly called tinstone or ca^siterite (from Cassi- 
teridesy the tin islands, — now the Scilly Isles, off the 
coast of Cornwall). The chief sources of the ore of 
this metal are the mines of Cornwall, Saxony, Bohemia, 
and Malacca. It is sometimes found as an alluvial 
deposit in the beds of many small rivers, and is then 
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known as stream tin; this variety, being very pure, is 
the most valuable form in which the ore occurs. 

Freparatioil. — ^The ore is first subjected to the 
mechanical operations of picking, stamping, and wash- 
ing ; it is then roasted on the bed of a reverberatory 
furnace in order to expel volatile impurities, such as 
arsenic and sulphur, which it usually contains. The 
resulting slightly purified mass is then treated with 
water, which dissolves out any cupric sulphate formed 
by the oxidation of the variable amount of copper 
pyrites usually mixed with the ore. The ore is then 
ready for reduction, and this is accomplished by heat- 
ing it along with about one-eighth its weight of anthra- 
cite coal, or charcoal and a little lime, in a low-crowned 
reverberatory furnace. The lime forms a fusible slag 
by union with the siliceous matter yet remaining in the 
ore, and the carbon of the coal reduces the stannic oxide 
to metallic tin, with formation of carbonic oxide: — 

SnOg + 2C = 2CO + Sn. 

Stannic Carbon. Carbonic Tin. 
oxide. oxide. 

When the reduction is complete the temperature of 
the furnace is raised very high, so as to melt the slag 
completely \ the melted metal sinks beneath it, and is 
drawn off into iron pans, and then cast into ingots. 
The metal so obtained is not pure \ it is therefore re- 
melted \ the purer tin, owing to its lower fusibility, melts 
first and runs off, and is further purified by thrusting 
pieces of wood soaked in water into it while melted. 

Properties. — Tin is a brilliant white metal. It is 
not very hard nor tenacious, but is very malleable. If 
melted and allowed to cool slowly it may be obtained 
in crystals. At ioo° it becomes moderately ductile. 
I^ is not much affected at ordinary temperatures by 
exposure to the action of water or air ; when raised to 
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a red heat in air or oxygen, it rapidly oxidizes, forming 
stannic oxide. Hydrochloric and nitric acids both 
act upon tin, the former dissolving it with evolution 
of hydrogen and formation of stannous chloride, the 
latter oxidizing it to an insoluble white powder known 
as metastannic acid. 

Uses. — Tin is used for various purposes in the arts 
and manufactures, the principal being the coating of 
other more oxidizable metals with it, so as to protect 
them from oxidation. Tin-plate consists of thin sheets 
of iron coated with tin ; the iron plates are scoured 
and rendered perfectly clean, and then are dipped into 
a bath of melted tin, on the surface of which a layer 
of melted grease floats to protect it from oxidation. 
Tin-foil^ producing by rolling the metal, is extensively 
used along with mercury for silvering mirrors \ the two 
metals amalgamate, and the amalgam is caused by 
pressure to adhere to the glass. All compounds of 
tin are prepared either directly or indirectly from the 
metal. Tin enters into the formation of various alloys : 
of these the principal are Britannia metal, which con- 
sists of equal parts of tin, zinc, copper, antimony, and 
bismuth, and is used in making teapots, spoons, &c. ; 
pewter^ consisting of tin and lead alone, in the pro- 
portions of 4 parts tin to i part lead ; plumber^i seldcTy 
which is made by melting together either 2 parts tin 
and I part lead, or equal parts of tin and lead, 
according as the product required is fine or common 
solder. Speculum metal is prepared by alloying 2 parts 
of copper and i part of tin, and is used, as its name 
indicates, for making metallic mirrors for relflecting 
telescopes. Bronze comisXs of about 78 parts of copper, 
18 of tin, and 4 of zinc, in 100 parts. Gun and bell metal 
are also alloys of tin, copper, and zinc ; the former con- 
taining less and the latter more tin than bronze. 
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Compounds of Tin. 

Stannic Compounds (Compounds of Tetrad Tin). 

Stannic Oxide (binoxide of tin), SnOg. — This 
oxide is, as has already been stated, the principal 
natural 'compound of tin. It sometimes occurs in 
square prisms, haNdng a brown tinge due to ferric or 
manganic oxide ; the crystals are hard enough to 
scratch glass. Acids have no action on it, but if fused 
with potassic or sodic hydrate, a compound is obtained 
which is soluble in water ; it is, in fact, the potassic or 
sodic salt of stannic acid. The oxide produced by 
drying metastannic acid at ioo°is cdXitd, futiy powdery 
and is used for polishing plate and preparing white 
opaque enamels. 

Stannic Acid (hydrated binoxide of tin), SnOHog. 
This acid is prepared by adding calcic carbonate to 
an excess of a solution of stannic chloride : — 

SnCU + 2COCao" + OH2=SnOHo2 + 2CaCl2 + 2CO2. 

Stannic Calcic Water. Stannic Calcic Carbonic 

chloride, carbonate. acid. chloride. anhydride. 

The acid falls as a gelatinous precipitate, and can be 
readily purified by washing with water. 

Sodic Stannate (stannate of soda), SnONaoa, 
4OH2. — This is the most important salt of stannic 
acid, and is prepared by fusing stannic oxide with 
excess of sodic hydrate, dissolving the fused mass in 
water, and evaporating the solution ; the salt then 
crystallizes in six-sided tables. Like some of the salts 
of calcium, it is more soluble in cold water than in 
hot. It is now prepared on the large scale for use as 
a mordant by the dyer and calico-printer. 

Metastannic Acid, SngOgHo, .—To prepare this 
acid it is only necessary to act upon metallic tin with 
nitric acid ; the nitric acid gives up oxygen to the tin^ 

T 
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large quantities of nitric peroxide are evolved, and the 
metastannic acid is produced as a white crystalline 
substance insoluble in water. It reddens litmus, and 
becomes converted into stannic oxide by drying at 
TOO*'. Metastannic acid is insoluble in nitric and 
hydrochloric acids ; it combines with the latter, how- 
ever, and the compound, thpugh insoluble in the 
excess of acid, is soluble in water. The only soluble 
salts of this acid are those of potassium and sodium. 
Stannic Chloride (tetrachloride, bichloride, or 
nitromuriate of tin), SnCl^. — This important salt is 
prepared (i) by heating tin in a tube through which 
chlorine passes : — Sn -f 2CI2 = SnCl^ ; (2) by dis- 
tilling an intimate mixture of mercuric chloride 
(4 parts) and metallic tin (i part) : — 

2HgCl2 + Sn = SnCl4 + 2Hg; 

(3) by dissolving tin in a mixture of nitric and hydro- 
chloric acids (commonly called nitromurioHc cuid or 
aqua regia) : — 

NO 
Sn + 4HCI + 2NO,Ho = SnCl4 + 3OH, + 



(NO 

(no 



Hydrochloric Nitric Stannic Water. Nitrous 

acid. acid. chloride. anhydride. 

Stannic chloride is a colourless fuming liquid, which 
boils at 120° C, and it is soluble with evolution of 
intense heat in a small quantity of water ; a hydrate 
which has the composition SnCl4,sOHa, and which 
crystallizes in rhombohedra, being formed. The solu- 
tion is decomposed with precipitation of stannic acid on 
dilution. It is used in dyeing as a mordant, its value 
for this purpose depending on the fact that if cloth be 
dipped into a solution of it, it is decomposed, stannic 
acid being deposited on the fibre ; and this substance 
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hkving the power of uniting with colouring matter, fixes 
the latter on the cloth when worked in the dye-bath. 

Stannic Sulphide (bisulphide of tin), SnSr— This 
compound is obtained in yellow flakes known as mo- 
saic gold by heating to low redness in a glass flask a 
mixture of 1 2 parts tin, 6 parts mercury (these two 
amalgamated together before mixing with the other 
mgredients), 6 parts of ammonic chloride, and 7 parts 
of flowers, of sulphur ; mercurous chloride and mercuric 
sulphide sublime together with ammonic chloride, and 
the stannic sulphide remains. It is used in the arts 
in making imitation bronzes. The hydrated sulphide is 
precipitated as a dingy yellow powder on passing sul- 
phiu-etted hydrogen through a solution of stannic salt. 

Stannous Compounds (Compounds of Diad Tin). 

Stannous Oxide (protoxide of tin), SnO.— By 

ignition of stannous hydrate in an atmosphere of 
hydrogen or carbonic anhydride this compound is 
obtained as a black powder. If heated with acids, it 
dissolves, though slowly ; in the cold very little action 
takes place : the solutions are stannous salts. It may 
be obtained in black crystalline needles by boiling 
stannous hydrate with a dilute solution of potassic 
hydrate in quantity insufficient to dissolve it. 

Stannous Hydrate (hydrate of protoxide of tin), 
SnHo,. — ^This substance is obtained as a white pre- 
cipitate by adding stannous chloride solution to a 
solution of sodic carbonate : — 

CONaOa + SnClj + OHj = SnHoa + 2NaCl + CO2. 

Sodic Stannous Water. Stannous Sodic Carbonic 

carbonate. chloride. hydrate, chloride, anhydride. 

Stannous hydrate is soluble in potassic hydrate and in 
acids. 
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Stannous Chloride (protochioride of tin), SnCi^ 

— The ordinary method of preparing this saJt is by 
dissolving tin in hydrochloric acid : — 

Sn -^ 2HCI = SnCU + Hj. 

As thus prepared it crystallizes in prismatic needles, 
whose composition is SnCli,20H2. The anhydrous 
chloride is obtained when a mixture of equal weights 
of tin and mercuric chloride are distilled ; mercury 
passes off in vapour, and the chloride is left behind 
as a vitreous mass of a brilliant grey colour. It dis- 
tils when heated to redness : — 



:ig 4^ Sn = SnClg + Hg. 

KkHtr <^tin is an old name for the anhydrous chloride. 
Aqueous solutions of this salt, under the names of tin 
M/Ht$<>m and fin spirits^ are extensively used by the 
dyer and calico-pnnter as mordants. In some cases 
a small quantity of oxalic acid is added to the tin 
and hy\lrochloric acid, in preparing these solutions ; 
the resulting liquors are then called ox tin or oxalic of 
Hn. The solutions do not, however, contain any 
oxalic acid, but another organic acid called glycolic 
acidi which is formed by the action of the nascent 
hydrogen upon the oxalic acid. As already stated 
under stannic chloride, the efficacy of a mordant de- 
pends upon its power of fixing the colouring matter 
upon the fibre of the cloth. An experiment illustra- 
tive of this, as well as of the use of stannous chloride 
in dyeing scarlets, may be made as follows : — Make an 
inftision of cochineal by boiling up a small quantity 
of the powdered dry insects with water, and boil in this 
solution of colouring matter two pieces of clean white 
flannel or Berlin wool of the same size ; after boiling 
both a few minutes, remove one of the pieces, add a 



STANNOUS COMPOUNDS. 2 77 

few drops of stannous chloride to the infusion, and 
boil again; then remove the other piece. On now 
comparing the pieces, it will be found that the 
piece dyed without any mordant is of a purplish 
tint, while the one with the mordant is of a bright 
scarlet ; and further, if the two be washed with water 
repeatedly, it will be found that the former will lose 
almost all its colour, while the latter will only suffer a 
slight diminution in shade. The addition of a little 
cream of tartar and a chip of young fustic will improve 
the colour. 

Owing to its tendency to unite with chlorine and 
oxygen, stannous chloride is a powerful reducing 
agent ; examples of its reducing action are the produc- 
tion of gold, silver, and mercury in the metallic state, 
when a solution of it is added to solutions of salts of 
these metals ; the reaction with gold salts may be 
taken as typical : — 

aAuCl, + aSnClg = Aug h- sSnCl^. 

Auric Stannous Gold. Stannic 

chloride. chloride. chloride. 

Stannous Sulphide (protosulphide of tin), SnS. 

— This substance is produced by mixing tin and 
sulphur in the proportions of their atomic weights, and 
heating the mixture in a crucible ; as thus prepared it 
is of a bluish grey colour. The hydrated form of it 
may be obtained by passing sulphuretted hydrogen 
through a solution of. a stannous salt ; it separates as 
a chocolate-brown precipitate. It is soluble in strong 
hydrochloric acid, with evolution of sulphuretted 
hydrogen. 

Ttsfs for Compounds of Tin, — Stannic Salts, — 
Potassic and sodic hydrates precipitate stannic acid 
(SnOHOg) as a white powder, which an excess oC v.\n.^ 
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reagent re-dissolves. Amnionic hydrate, and potassic, 
sodic, and amnionic carbonates produce the same 
precipitate (the three latter with escape of carbonio 
anhydride), but do not re-dissolve it when added in 
excess. Sulphuretted hydrogen and ammonic sul- 
phide precipitate the dingy yellow hydrated sulphide 
(SnSg), which is soluble in potassic, sodic, and am- 
monic hydrates and sulphides. 

Stannous Salts. — Potassic and sodic hydrates 
cause a white precipitate of stannous hydrate, which 
re-dissolves in excess of the reagent, and on boiling 
the solution stannous oxide is deposited in black 
crystals. Ammonic hydrate, and potassic, sodic, and 
ammonic carbonates produce the same precipitate 
(carbonic anhydride escaping at the same time in the 
latter three cases), but do not re-dissolve it when 
added in excess. Sulphuretted hydrogen and am- 
monic sulphide precipitate the characteristic chocolate- 
brown hydrated sulphide (SnS), which is soluble in 
excess of ammonic sulphide, and in potassic and 
sodic sulphides. Auric chloride in dilute solution 
and used in excess gives a brown precipitate of gold, 
owing to the reducing action of stannous salts ; but iif 
the tin salt be in excess, a beautiful purple precipitate, 
known as purple of CassiuSy results. 

Both stannic and stannous salts, when heated with 
sodic carbonate on charcoal before the blowpipe, 
yield globules of metallic tin. 

Hexad Metals. 

Chromium— Cr. 

Atomic weight, 52*5. Molecular weight, unknown. Mole- 
cular volume, unknoMrn. Atomicity, VI., IV., and II. ; also 
H pseudo-triad, and occasionally a pseudo-octad. Sp. gr., 6. 
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special Notice, — Chromium was discovered in 1797 
by Vauquelin, in plumbic chromate (Cr02Pbo"), known 
as crocoisite or red-lead ore. 

Occurrence in Nature. — Chromium compounds 
are not very abundant in nature. It occurs principally 
as chrome-iron ore or chrome ironstone^ which is di- 
chromic-ferrous tetroxide ( ■! pyo^eo") ; this occurs in 

the Shetland Isles, Sweden, America, Australia, and 
New Zealand. 

Preparation, — The metal is procured by mixing 
chromic oxide with one-fifth of its weight of charcoal 
powder, and placing the mixture in a crucible lined 
with charcoal. The crucible is then placed in a 
furnace, and raised to the very highest heat. The 
chromic oxide is reduced by the charcoal, and the 
metal is obtained as a greyish white brittle substance, 
and very difficult of fusion : — 

{ggo + 3C = aCr + 3CO. 

Chromic oxide. Carbon. Chromium. Carbonic oxide. 

Properties. — The metal has been seen by very 
few persons. It crystallizes in a form belonging to 
the regular system. It is oxidized by nitric acid with 
such violence when in a pulverulent form as to become 
red-hot occasionally. It burns brilliantly when heated 
in air. Hydrochloric and sulphuric acids dissolve 
it with evolution of hydrogen. 

Uses. — No use has as yet been found for metallic 
chromium. It is probable, however, that when its 
properties have been thoroughly investigated it will 
be applied in the useful arts. 

Principal Compounds.— Owing to its var>ang 

active atomicity chromium forms numerous compounds. 
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Chromous Compounds, 

Ghromous Oxide (protoxide of chromium), CrO. — 
This oxide has never yet been obtained in the anhy- 
drous form ; chromous hydrate (CrHOg) is, however, 
obtainable by adding potassic hydrate to a solution of 
chromous chloride : — 

CrClg -I- 2KH0 = CrHog + 2KCI. 

Chromous Potassic hydrate. Chromous Potassic 

chloride. hydrate. chloride. 

It forms a dark brown powder. 

Chromous Chloride (protochloride of chromium), 
CrClg, is obtained by heating to redness chromic 

chloride^ \ irstn\) ^^ ^ porcelain tube, through which 

a current of pure dry hydrogen is passing; hydro- 
chloric acid is produced, and a white mass of chromous 
chloride is obtained, which dissolves in water with a 
great increase of temperature, yielding a blue solution, 
which absorbs oxygen by exposure to the air, and 
passes into a deep green colour. 

{ CrS -^ ^* = ^CrClg + 2HCL 

Chromic Hydrogen. Chromous Hydrochloric 

chloride. chloride. acid. 

Chromous chloride is one of the most powerful 
reducing agents known. 

Chromic Compounds, 
Chromic Oxide (sesquioxide of chromium), 

( (JrO^*~~^^ ^^^^"^^^ hydrate be heated to redness 

it is decomposed, water (as steam) is evolved, and 
chromic oxide remains : — 

fCrHoa _ <CrO^ ^ ^„ 
ICrHoa - jcro^ ■*• 3OH,. 

Chromic hydrate. Chromic oxide. Water. 
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It is a green powder when so obtained, and is insoluble 
in acids. It is used as a green pigment in the for- 
mation of a pink enamel colour, and in calico-printing. 
United with ferrous oxide it forms chrome-iron ore^ the 
principal ore of the metal, which is often found crystal- 
lized in octahedra, like magnetic-iron ore. It is infusible 
in the furnace, and when hot absorbs oxygen from the 
air, forming chromic anhydride ; and if some oxide, 
hydrate, or carbonate be present, a chromate is formed. 
Chromic Hydrate (hydrated sesquioxide of 

CPrHo 
chromium), Sp jt ^. — This substance is produced 

by adding ammonic hydrate to a solution of chromic 
chloride : — 

{CrCls + 6AmH0='{CrH03 ^ .^^ci. 

Chromic Ammonic Chromic Ammonic 

chloride. hydrate. hydrate. chloride. 

It forms a dark green powder, very bulky and gela- 
tinous. It dissolves in acids, forming chromic salts. 

Chromic Anhydride (chromic acid), Cr'^'Og.— 

Chromic anhydride is prepared by adding 5 measures 
of sulphuric acid to 4 measures of a cold saturated 
solution of dipotassic dichromate, and drying the 
beautiful crimson crystals so obtained at a gentle 
heat on a brick or a porous tile : — 

CrOgKo 

O + SO2H02 = SO2K02 + OH2 + 2Cr03. 

CrOgKo 

Dipotassic Sulphuric Potassic Water. Chromic 
dichromate. acid. sulphate. anhydride. 

When heated to 204*' it melts to a black liquid, and 
at a higher temperature it is converted into chromic 
oxide and oxygen with incandescence : — 

4Cr03 = 2Cr203 + 3O2. 

Chromic anhydride. Chromic oxide. Oxygen. 
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It is deliquescent, absorbing moisture from the air, 
witli which it combines, and forms chromic acid 
(Cr02Hoj). Heated with hydrochloric acid, chromic 
chloride, water, and chlorine are produced : — 

2CrO, + 12HCI = I ^J^[» + 60H, + 3a 

Chromic Hydrochloric Chromic Water. Chlorine, 

anhydride. acid. chloride. 

Chromic Acid, CrOjHoa.— If chromic anhydride 
be added to water it combines with it, forming chromic 
acid : — 

CrOs + OH2 = CrO,Ho,. 

Chromic anhydride. Water. Chromic acid. 

It is a powerful oxidizing agent; for instance, if thrown 
into alcohol it sets it on fire, so powerful is its oxi- 
dizing action. The most important of its salts are the 
potassium ones. 

Dipotassic Chromate (chromate of potash, 
neutral or yellow chromate of potash), Cr2Ko„ is 
the source from which all the chromic preparations are 
obtained. It is made from chromic iron ore. The ore 
is reduced to powder, calcined and heated for a long 
time in a furnace with crude potassic carbonate and a 
little potassic nitrate. The product is treated with 
water, and yields a yellow solution, which deposits, 
on evaporation, crystals of the same colour : — 

^{ cfo^^^" + 4COKo,+ 50,=4CrO,Ko,+ 2Fe,0, 

Chrome-iron Potassic Oxygen Potassic Ferric 

ore. carbonate, (from «/V>-^ chromate. oxide. 

and air). 

+ 4C0,. 

Carbonic anhydride. 
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Dipotassic Dichromate (bichromate or red 

( CrOaKo 

chromate of potash), < . — This salt is pre- 

i CrO^Ko 
pared by adding sulphuric acid to a solution of the 
preceding salt; on evaporating the solution the salt is 
obtained in red four-sided tables of great beauty : — 

( CrOaKo 
( CrOaKo 

Potassic Sulphuric Dipotassic Potassic 

chromate. acid. dichromate. Sulphate. 

OHa. 

Water. 

It fuses below a red heat, and is decomposed at a 
higher temperature into chromic oxide, potassic chro- 
mate, and oxygen : — 

( CrOaKo , p^ 

4^0 = 4CrOaKo, + 2 I YlrP + 30a. 

(CrOaKo (Oru 

Dipotassic Dipotassic Chromic oxide. Oxygen, 

dichromate. chrbmate. 

It requires about lo times its weight of water, at 
i6* C, to dissolve it. It is used as an oxidizing agent, 
and for preparing chrome alum. It is also much used 
in dyeing, and in the preparation of chrome yellow and 
orange ; a saturated solution of it is used as the ex- 
citing fluid in the bottle battery, and it is in constant 
requisition in the laboratory. 

Ghromic Chloride (sesquichloride of chromium), 

I r ri^' — '^^^^ compound may be obtained anhy- 
drous by heating to redness in a porcelain tube 
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chromic oxide intimately mixed with charcoal, and 
passing dry chlorine gas through the tube : — 

{ C> + 3CI, + 3C = { gg + 3CO. 

Chromic oxide. Chlorine. Carbon. Chromic Carbonic 

chloride. oxide. 

The chloride condenses in the cold part of the tube in 
plates of a beautiful violet colour. This compound is 
quite insoluble in water. 

A variety of it, soluble in water, may be prepared 
by boiling a dilute solution of dipotassic dichromate 
with excess of hydrochloric acid, to which a small 
quantity of alcohol is every two or three minutes added, 
till the liquid changes from orange to green ; the 
alcohol reduces the dichromate to chromic chloride, 
becoming thereby converted into aldehyd. 

Chlorochromic Acid (chloride of chromyl), 
Cr02Cl2. — This compound is prepared by distilling 
an intimate mixture of dipotassic dichromate, sodic 
chloride, and sulphuric acid, the latter being in 
excess : — 

i CrO^Ko 

^O + 4NaCl + 3S0,H02 = 2CrO,Cla + 

(.CrOjKo Sodic Sulphuric Chromylic 

Dipotassic chloride. acid. chloride, 

dichromate. 

aSOzNaOa + SO2K0, + 3OH2. 

Sodic sulphate. Potassic sulphate. Water. 

The chromylic chloride passes over into the receiver 
in the form of a heavy purple vapour, and condenses 
to a deep red fuming liquid. When poured into water 
it is decomposed into chromic and hydrochloric 
acids : — 

CrOaCla + 2OH2 = Cl'OaHoa + 2HCI. 
Chromylic chloride. Water. Chromic acid. Hydrochloric acid. 
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It takes fire spontaneously in ammonia gas, and sets 
fire to sulphur and phosphorus when placed in contact 
with them. - 

Chrome Alum, Dipotassic-dichromic Tetra- 

SUlphate, S4O8Koj(Cr2O6)^S240H2. — If dipotassic 
dichrom^te be boiled with sulphuric acid, oxygen is 
given off, and this substance is formed ; or if sul- 
phurous anhydride be passed into it chrome alum is 
produced : — 

(i) For equation see this mode of preparing 
oxygen. 

( CrOaKo 

(2) -< O + sSOj+SOaHOarrSAKOaCCrA)^ 

l CrOaKo Chrome alum. 

+ OH2. 

It crystallizes in octahedra like common alum, but the 
crystals are almost black when seen by reflected light. 
In order to obtain fine crystals the solution should be 
set aside for a fortnight at least. 

Tests for Chromium Compounds, — Chromous salts 
are never met with in ordinary analysis. They give a 
brown precipitate of chromous hydrate (CrHoa) with 
potassic hydrate; ammonic sulphide gives a black 
sulphide (CrS). Chromic salts give, with potassic, 
sodic, and ammonic hydrates, a dirty green precipi- 
tate of chromic hydrate, ( \ pExTQ^) ; the two former 

redissolve the precipitate. Ammonic sulphide pre- 
cipitates the hydrate as well, sulphuretted hydrogen 
being evolved at the same time. The chromic hydrate 
produced by these reagents, if fused with potassic 
nitrate and carbonate, is converted into potassic 
chromate; and if after the fusion it be dissolved in 
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water, the solution gives a yellow precipitate of plumbic 
chromate (Cr02Pbo'') with a soluble lead salt Sodic 
chloro-hypochlorite (chloride of soda) also converts 
chromic salts into chromates. The chromates are dis- 
tinguished by giving a yellow precipitate of plumbic 
chromate (CrOgPbo") with a soluble lead salt, a pale 
yellow precipitate of baric chromate (CrOgBao") with 
a soluble barium salt, and a purple-red precipitate of 
argentic chromate (CrOgAgOg) with argentic nitrate 
solution. 

Manganese.— Mn. 

Atomic weight, 55. Atomicity, VI., IV., and IL ; also a 
pseudo-triad and a pseudo-octad. Sp. gr., 7 to S. 

Special Notice. — Manganese was discovered in 1774 
by Gahn and Scheele. 

Occurrence in Nature. — The compounds of 

manganese occur in nature pretty abundantly. Its 
most abundant and important ores are mangaoic 
oxide (MnOg), known as pyrolusite; dimanganic tri- 

oxide {\ S^qOY known as braumte; dimanganic 

dioxydihydrate I \ 5?qjtq \ and manganic oxide- 
hydrate (MnOgjOHg), known as wad ox bog mai^a- 
nese. The localities for them are Devonshire, 
Cornwall, the Hartz Mountains, and Piedmont 

Preparation. — Manganese is best obtained by 
heating the carbonate (COMno") made into a paste 
with oil and charcoal, in a crucible : the cover should 
be luted on and raised to the highest tempeiatvire of 
the forge for two hours. 

COMno* + 2C = Mn + 3CO. 

Manganous Carbon. Manganese. Otrbonk 

carbonate. oxide. 
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The metal is obtained as a button containing a 
little carbon. 

Properties. — it is of a greyish white colour, re- 
sembling cast iron, hard and brittle and slightly mag- 
netic It oxidizes by exposure to the air, and decom- 
poses water at the ordinary temperature : — 

Mn + 2OH2 = MnHog + H2. 

Manganese. Water. Manganous Hydrogen. 

hydrate. 

On account of these properties it has to be preserved 
either in hermetically sealed tubes or under naphtha. 

Uses. — Manganese is only known as a chemical 
curiosity; it is put to no use in the arts. 

Principal Compounds. 

Manganous Oxide (protoxide of manganese), 
MnO. — This oxide may be obtained by heating 
knanganous carbonate in an atmosphere of hydrogen ; 
carbonic oxide and water are given off, and manganous 
oxide remains : — 

COMno" -h H2 = MnO + CO + OHg. 

Manganous. Hydrogen. Manganous Carbonic Water, 
carbonate. oxide. oxide. 

It is an olive-green powder, which absorbs oxygen 
from the air. It dissolves in acids, forming man- 
ganous salts. 

Manganous Hydrate (hydrated oxide of man- 
ganese), MnHo2. — This substance is prepared by 
adding a solution of potassic hydrate to a solution of 
a manganous salt : — 

MnClg + 2KH0 = MnHog + 2KCI. 

Manganous Potassic Manganous Potassic 

chloride. hydrate. hydrate. chloride. 
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When first precipitated it is nearly white ; it changes 
colour, however, immediately, owing to its absorbing 
oxygen from the air, and passes through various 
shades, ultimately becoming dark brown. 

Manganous Sulphide (protosulphide of man- 
ganese), MnS. — This compound occurs in nature, 
forming manganese blende; it is of a brownish black 
colour. It is prepared artificially as a hydrate by 
adding a solution of ammonic sulphide to a solution 
of a manganous salt : — 

SOsMno' + SAmj = MnS + SOjAmo^ 

Manganous Ammonic Manganous Ammonic 

sulphate. sulphide. sulphide. sulphate. 

The artificially prepared sulphide is of a buff 
colour, but speedily oxidizes by exposure to the air. 

Manganous Chloride (protochloride of man- 
ganese), MnCl2. — This salt is the waste product of the 
manufacture of chlorine in making bleaching powder. 
The chlorine is evolved from manganic chloride, pro- 
duced by the action of hydrochloric acid on manganic 
oxide (see page 59). 

It crystallizes in pink tables, having the composi- 
tion MnGlj,40H2. It is slightly defiquescent, and 
when anhydrous is soluble in alcohol. It may be puri- 
fied from the ferric chloride, which is always produced 
at the same time, by evaporating the solution to dry- 
ness, igniting the residue for some time, and when 
cold extracting with water. 

Manganous Sulphate (sulphate of manganese), 
SOgMno'^. — This salt is prepared (i) by raising to a 
red heat in a closed vessel an intimate mixture of 
manganic oxide and ground coal, and dissolving 
out the impure oxide thus obtained with sulphuric 
acid : — 
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(i) MnO, + 2C = MnO + 2CO. 

Manganic Carbon. Manganous Carbonic 

oxide. oxide. oxide. 

(2) MnO + SO2HO2 = SOaMno" + OH2. 
Manganous Sulphuric Manganous Water, 

oxide. acid. sulphate. 

The solution is evaporated to drjTiess, and again ex- 
posed to a red heat. Water is then added, which 
dissolves out the pure manganous sulphate. Or (2) by 
heating manganic oxide with sulphuric acid. (See 
page 66.) The salt was formerly used to produce a 
permanent brown dye. It forms, like magnesic sul- 
phate, a double salt with potassic sulphate. It crystal- 
lizes with 5 molecules of water. 

Manganous Carbonate (manganese spar), 
COMn<r. — This compound occurs in nature, gene- 
rally accompan)ring spathic iron ore. It may be 
obtained in the hydrated form as a white precipitate 
by adding a solution of sodic carbonate to a solution 
of manganous sulphate : — 

SOjMno" + CONaOa = COMno" + fiOgNaOjj. 

Manganous Sodic Manganous Sodic 

sulj^te. carbonate. carbonate. sulphate. 

Manganic Chloride, MnCl*.— (See preparation 

of chlorine, page 59.) 

Manganic Oxide (black, bin-, deut-, hyper-, or 
per-oxide of manganese), MnO^. — This oxide is the 
most important manganese ore, forming pyrolusite 
when anhydrous, and wad when hydrated. It occurs 
both crystalline and amorphous. It is insoluble in 
water, and is of a black colour. It may be prepared 
by adding a solution of sodic or calcic chloro-hypo- 
chlorite to a solution of a manganous salt : as thus 
prepared it is hydrated. Heated with hydrochloric 

U 
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acid, chlorine is evolved, and manganous chloride . 
remains (see p. 59) ; boiled with sulphuric add, \ 
oxygen is evolved (see p. 66). It is largely employed ,' 
for preparing chlorine, used in the manu^ture of 
calcic chloro-hypochlorite (bleaching powder). 

Dimanganic Trioxide (sesquioxide of manga- 
nese), -! SI^qO. — This compound forms the mineral 
braunite; in the hydrated form it constitutes manganite 
( < 5J^qO,OH2). It may be obtained as a brown 

hydrate by passing chlorine through water with man- 
ganous carbonate suspended in it, and then removing 
the excess of carbonate by dilute nitric acid. When 
heated, oxygen is evolved and trimanganic tetroxide 
remains : — 

IMnO iMnO^ 

Dimanganic trioxide. Trimanganic tetroxide. Oxygen. 

An oxide known as varvicitey and having the compo- 

( MnO-0 1 

sition ] Mno" (Mn"Ho2)", occurs in Derbyshire. 
V MnO-0 J 

Trimanganic Tetroxide (red— or protosesqui- 

f MnO^ 

oxide of manganese), < Mn ri • — '^^^^ oxide occurs 

(MnO'^ 

in nature, forming hausmannite^ and is the result of 
heating any of the other oxides of manganese in air. 
It crystallizes in pyramids. Borax and glass in a 
melted state dissolve it, and acquire a beautiful 
amethyst colour. 

Calcic Manganite, MnOCao".— This compound, 
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recently discovered by Mr. W. Weldon,* is prepared 
by adding an excess of calcic oxide to a solution of 
manganous chloride, and forcing air through the 
mixture: — 

2MnCla + 4CaO + O, = 2MnOCao" -h 2CaCl2. 

Manganous Calcic Oxygen Calcic Calcic 

chloride. oxide, (from air). manganite. chloride. 

The compound is prepared on the large scale from 
the residual manganous chloride of the chlorine 
manufactory, and is replacing manganic oxide in that 
important industry, owing to the following facts, as 
stated by the discoverer, that " besides being continu- 
ally reproduced," it " reduces, by fully 80 per cent., the 
principal item (/. ^., the manganic oxide) in the cost 
of the manufacture of chlorine, greatly increases the 
quantity of chlorine which can be practically obtained 
from a given quantity of hydrochloric acid, and, more- 
over, enables the manufacture of chlorine to be carried 
on without the production of an offensive residue.'* 

The solution of calcic chloride is run off from the 
manganite, which is then treated with hydrochloric acid, 
when chlorine is evolved by the following reaction : — 

MnOCao" + 6HC1 = MnCla + CaCl2+ 3OH2 + CU. 

The manganous chloride is re-converted into calcic 
manganite as above, and so the regeneration of the 
manganite is continuous. 

Manganic Acid, MnOaHoj.— This acid may be 
obtained by adding dilute sulphuric acid to baric man- 
ganate. It is a green liquid, which undergoes spon- 
taneous decomposition very speedily : — 

MnOaBao" + S0,H02 = MnOaHoa + SO^Bao". 

Baric Sulphuric Manganic Baric 

manganate. acid. acid. sulphate. 

* Chemical News ^ vol. xx., Sept. 3rd, 1869, p. 109. 
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Potassic Manganate (manganate of potash), 
MnO^Koa. — This is the most important salt of man- 
ganic acid. It is prepared by heating to low red- 
ness an intimate mixture of 4 parts of powdered 
manganic oxide, 5 parts of potassic hydrate, and ^^ 
parts of potassic chlorate; the potassic hydrate is 
dissolved in the least possible quantity of boiling 
water and added to the other ingredients, and the 
mixture gently dried before further heating: the 
source of heat should be removed from the crucible 
when the mass has become green all through, which 
will usually take about an hour. The product should 
be removed from the crucible when cold, dissolved in 
water, allowed to stand that the insoluble impurities 
may deposit, and rendered perfectly clear by filtra- 
tion — not through paper, however, as that would 
decompose the salt, but through a funnel, the neck of 
which is plugged with asbestos. The solution, which 
is green, when allowed to evaporate spontaneously in 
a vacuum, yields green crystals having the same form 
as those of potassic sulphate. 

Permanganic Acid (hypermanganic acid), 
I MnO (OHoV — ^^ ^^^ solution of potassic man- 
ganate is boiled or diluted with water, or if a small 
quantity of acid be added to it, it changes from green 
to purple, owing to the formation of potassic perman- 
ganate / < MnO'(OKo)) ^^ manganic oxide, or a 
manganous salt ; — 
3MnO,Ko. + 30H, = {JJ;WKo) ^ 

Potassic Water. Potassic 

manganate. ptrmanganate. 
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MnOajOHa -I- 4KH0. 

Manganic Potassic 

oxide-hydrate. hydrate. 

The acid can be isolated by treating potassic perman- 
ganate successively with argentic nitrate, baric chloride, 
and sulphuric acid. It is a reddish crystalline solid, 
and its solution when heated to 38" C. evolves 
oxygen. 

Potassic Permanganate, { mSS(OKo)- " 

This, which is the most important salt of permanganic 
acid, is prepared from the manganate as already de- 
scribed. Its solution may be boiled without under- 
going decomposition, but organic matter decomposes 
it. If the solid salt is heated, oxygen is evolved, and 
potassic manganate and manganic oxide left : — 

» {SSiSioi = -MnO,Ko. + 2MnO, + 2O. 

Potassic Potassic Manganic Oxygen, 

permanganate. manganate. oxide. 

Both this salt and the manganate, owing to their 
great oxidizing power, are used as disinfecting agents, 
and as oxidizing agents in the laboratory. The per- 
manganate is known as Candy's fluids from Mr. 
Condy, of Battersea, an extensive maker of it. It is 
much used in volumetric analysis. The manganate, 
owing to the change of colour which its solution 
undergoes on boiUng or dilution, is called mineral 
chameleon. 

Tests for Manganese Compounds, — Only manganotis 
salts are met with in ordinary analysis. Ammonic 
sulphide precipitates the flesh-coloured manganous 
sulphide (MnS), which is soluble in strong acetic 
acid. Potassic and sodic hydrates precipitate man- 
ganous hydrate (MnHoa), which speedily darkens in 
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colour when shaken up in a flask. Fused on platinum- 
foil with sodic carbonate and a little potassic nitrate, 
they yield green sodic manganate (Mu03Nao2) ; tlus 
is a characteristic and delicate test. In the oxidizing 
blowpipe flame, with a borax bead, an amethyst tinge 
is produced, which colour disappears in the reducing 
flame. 

Iron— Fe. 

Atomic weight, 56. Atomicity, rarely VI., most frequently IV. 
(as a pseudo-triad) and II. Sp. gr., 7*8. 

Occurrence in Nature. — Iron occurs to greater 
or less extent in every country of the world. It 
occurs in minerals, vegetables, and animals. It is 
occasionally found in a free state in the mineral king- 
dom, and also in aerolites or meteoric stones. Its 
principal and most important ores are magtietic iron 

orcy or loadstone i \ i^QFeo" j ; specidar iron ore^Jet 

oligiste, red hmmatite^ micaceous iron^ or iron glana^ 
all of which have the same composition, viz., 

\ "i F^O^ ) ' ^^^^^^ hoematitey or fibrous brown iron 

orey a hydrated form of haematite; spathic iron ore 
(COFeo"), or clay ironstone^ which is an impure ferrous 
carbonate, being mixed with clay, silica, calcic car- 
bonate, &c. ; and black band ironstone^ also an impure 
carbonate, being mixed with coaly matter. 

Preparation. — The iron ore is first roasted to get 
rid of the water, carbonic anhydride, and carbonaceous 
matter. The roasted ore is then introduced, along with 
limestone and coal or coke, into a blast-furnace^ the 
latter substance being employed both as fuel and as a 
reducing agent. A very high temperature is kept up 
by forcing air in at the bottom of the furnace, which 
causes the ignited fuel to burn very rapidly. • Formerly 
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»cold air was employed, but now the air is heated by 
passing it through hot pipes; the air by this means 
is raised to a temperature of 300** or 400" C. ; this is 
called the Aot blast This effects a great savdng of 
fuel, and coal may be used instead of coke. The 
limestone introduced into the furnace separates the 
aluminic silicate (clay) from the roasted ore, so that 
the coal can act upon the metallic oxide. The clay 
combining with the calcic oxide forms a glassy com- 
pound of aluminic and calcic siUcates, which is called 
slag. The oxide of iron parts with its oxygen to the 
carbon of the coal. As the iron melts it falls to the 
bottom of the furnace, imiting in its descent with the 
white-hot carbon of the coal, forming a carbide of iron, 
which accumulates in a stratum at the bottom. The 
slag, having a lower specific gravity than the melted 
iron, floats like cream upon the surface. The iron and 
slag are drawn off at different openings at the bottom 
of the furnace. The iron is run into grooves made of 
sand, and this constitutes the pig iron of commerce. 
This iron is associated with carbon, and generally 
with silicon, manganese, magnesium, calcium, sulphur, 
and phosphorus. 

The chemical changes which occur may be ex- 
plained as follows : — The roas'ing of the ore converts 
the ferrous carbonate — for it is of the reduction of 
this ore, as it is the most common, that we are now 
speaking — into carbonic anhydride, which escapes as 
gas, and ferric oxide, which remains : — 

4COFeo" + O, = 2||!|go + 4CO2. 

Ferrous Oxygen Ferric Carbonic 

carbonate. (from air). oxide. anhydride. 

The limestone (calcic carbonate) introduced along 
with the roasted ore into the furnace is speedily 
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converted into calcic oxide by the high tempt 
ture: — 

COCao" = CaO + C0» 

Calcic Calcic Carbonic 

carbonate. oxide. anhydride. 

The calcic oxide then causes the clay and silica U 
melt and form the slag, and the ferric oxide is re 
duced to the metallic state by the carbonic oude 
produced by the combustion of the coke : — 

{floO + 3CO = 2Fe + 3CO, 

Ferric Carbonic Iron. Carbonic 

oxide. oxide. anhydride. 

Lower down in the furnace the iron melts and unites 
with a certain amount of carbon, forming casf iron. 

To convert cast iron into wrought or malUabU iron 
it has to be deprived of a portion of the carbon it 
contains ; this is accomplished by the process called 
puddlifig. In this operation the cast iron is laid on 
the floor of a reverberatory furnace. The stream of 
burning gases is bent over upon the iron, causing it 
speedily to melt. The workman, by means of a large 
iron rod like a boat-oar, stirs up the melted mass, so 
as to bring every part successively to the surface. 
The object of this is to oxidize the carbon of the iron 
by contact, at a high temperature, with oxygen. The 
carbonic oxide thus formed bums with its beautiful 
blue flame on the surface of the melted iron. Water 
is sometimes sprinkled on the melted mass, so as to 
supply oxygen to the carbon. The withdrawal of the 
carbon diminishes the fusibility of the metal. It first 
becomes thick and treacly, then like coarse sand. 
The temperature of the furnace is now increased; 
the iron again becomes about the consistence of 
treacle. The workman gathers the iron round hi& 
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lling-rod into large balls, which are hammered by 
m hammers. All the liquid slag contained in the 
i is squeezed out, and the particles of iron welded 
tlier in one mass. This mass is heated a second 
J and passed between large iron rollers. The 
)us structure of iron is mainly due to this process. 
i which is to sustain great tension is submitted, 
L slight modification, to this latter process several 
js. The iron is no longer crystalline ; it is tough 
fibrous in its texture, which may be seen by acting 
I piece of wrought iron with dilute acid. By vio- 
concussion this toughness and fibrous character 
ppears, and it again becomes crystalline and brittle, 
leable iron, although much purer than cast iron, is 
er free from carbon and other substances. 
ron containing a smaller per-centage of carbon 
a cast iron and a larger per-centage than wrought 
I forms the important variety of iron known as 
[ The purest malleable iron is made into steel by 
:ing bars of iron alternately with charcoal powder 
. large brickwork chamber, and exposing the whole 
L high red heat for seven or eight days. The iron 
ibines with a small portion of the carbon. It is 
r more fusible than malleable, but not so fusible 
cast iron, and has lost in a great degree its malle- 
ity. If fine steel is required, several bars are 
ded together under the steam hammer, which gives 
ater uniformity of composition. This process of 
dng steel, however, is to some extent superseded 
a method called, from its inventor, the Bessemer 
:ess. By it steel can be prepared directly from 
sdish pig iron. The cast iron is melted and run 
) a conical iron vessel working on trunnions and 
;n at the top, called a converter ; air, at a pressure 
about 20 lbs. on the square inch, is then caused 
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to pass through the molten metal ; this cause 
carbon to burn off, and so high is the tempera 
resulting from the combustion, that the metal b 
and occasionally spurts out at the top of the c 
vertcr, and falls in showers of brilliant coruscatic 
In fifteen or twenty minutes, according to the amoi 
of carbon requiring to be burnt off, a chaise of i 
tons of iron is decarburized, and the converter 
then turned on the trunnions, and sufficient cast iro 
run in to convert the whole into steel, which is the. 
emjnied into ingot moulds, forming Bessemer cast sted 

None of the varieties of iron'yet mentioned are pure. 
The pure metal is obtained by heating together in a 
crucible a mixture of best wrought iron filings and 
pure ferric oxide, or by heating pure ferric oxide in a 
current of hydrogen. As obtained by the latter pro- 
cess it forms a fine powder, called by the druggist 
fcfftifft rcdadtim (/. ^., reduced iron). 

Properties. — Cast iron. — Cast iron is crystalline, 
brittle, and much more fusible than wrought iron. 
I'hree varieties of cast iron are found in commerce ; 
these are ,cTrrv, mottled^ and white. The grey variety is 
preforhcd for castings, as it is more liquid when melted. 
If it be suddenly cooled it becomes changed into the 
white variety. The white variety appears to contain 
all its carbon in chemical combination. Cast iron 
expands on becoming solid, and it is owing to this 
property that it can be employed in casting. Cast 
iron is not malleable ; it cannot, therefore, be welded. 
Wrought or malleable irofi. — This variety admits of 
being welded or united together by beating and ham- 
mering ; it is not crystalline, but fibrous in its struc- 
ture, and is very tough and hard. Steel. — The struc- 
ture of steel, instead of being fibrous, is grained. It 
is distinguished from iron by giving a dark grey spot 
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with nitric acid, while iron gives a green one. Steel 
is also more brittle and more fusible than iron. Steel 
can be tempered^ — that is, its degrees of hardness, elas- 
ticity, and brittleness, may be altered by exposing it 
to varying d^rees of heat, and then cooling it either 
quickly or slowly. Pure iron, — Pure iron crystallizes 
in tetrahedra belonging to the cubic system. With 
the exceptions of cobalt and nickel, it exceeds in 
tenacity all other metals ; a wire Vs of an inch in 
diameter will sustain a weight of sixty lbs. It is also 
very ductile, and is malleable to some extent. Iron 
does not oxidize or rust in dry air at the common 
temperature ; heated to redness it becomes covered 

with the black oxide \^ \ £,®QFeo" ); the same com- 
pound is produced when iron wire is burnt in oxygen. 
Iron at a red heat decomposes water, like potassium 
at the common temperature, liberating hydrogen, and 
producing as in the previous cases the black oxide 
(see p. 53). Dilute sulphuric and hydrochloric acids 
dissolve iron freely ; hydrogen is evolved, and a ferrous 
salt remains in solution. Iron is converted almost 
instantly into a magnet when placed in contact with 
one ; it only retains its magnetic character so long as 
it remains in contact with the magnet ; the magnetic 
iron ore, as its name indicates, is naturally magnetic, 
its magnetism having been produced by the long-con- 
tinued inductive influence of the earth's magnetism. 
Steel does not become magnetic so quickly as iron ; 
but when once it has become so it retains its magnetic 
power permanently. 

Uses. — The principal uses of iron, in its various 
forms, are chiefly mechanical. It is used chemically, 
however, in some cases for evolving hydrogen from 
acids, and as a reducing agent. 
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Principal Compounds. — The changes which may 
occur in the active atomicity of iron cause it to form 
a great many compounds, some of which are of great 
importance. 

Ferrotis Compounds (Compounds of Diad Iron). 

Ferrous Oxide (protoxide of iron), FeO. — ^This 
oxide is scarcely known in the free state, owing to its 
proneness to pass into ferric oxide. 

Ferrous Hydrate (hydrated protoxide of iron, 
hydrated ferrous oxide), FeHoj. — If a solution of 
potassic hydrate be added to a solution of a fenous 
salt, out of contact with air, a white precipitate of 
ferrous hydrate is obtained : — 

SOjFeo" -f 2KH0 = SO2K02 + FeHo,. 

Ferrous sulphate. Potassic hydrate. Potassic Ferrous hydrate. 

sulphate. 

This precipitate when exposed to the air becomes 
first green and then reddish brown, owing to its con- 
version into ferric oxide by combination with oxygen 
from the air and elimination of water : — 

4FeHo, -h O, = 2||!®go + 40Ha. 

Ferrous hydrate. Oxygen. Ferric oxide. Water. 

Advantage is taken of this property in dyeing cotton 
a buff colour. The cotton is first steeped in solution 
of ferrous sulphate, then passed into lime water, and 
lastly exposed to the air, when it turns buff-coloured 

Ferrous Chloride (protochloride of iron), FeCli-— 

If iron be dissolved in hydrochloric acid, or if chlorine 
be passed over heated iron filings, the iron being in 
excess, ferrous chloride is produced : — 

(i) Fe -f 2HCI = FeCla + H,. 

Hydrochloric acid. Ferrous chloride. 

(2) Fe + CI, = Feci,. 
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By the first process it is obtained in green crystals, 
having the composition FeCl2,40H,; and by the 
second it is obtained as a white anhydrous sublimate. 
It is soluble in alcohol. Heated in air it evolves 
chlorine and leaves a residue of ferric oxide. 

Ferrous Iodide (protiodide of iron), Fel2- — This 
salt is easily prepared by digesting iodine with water 
and iron : — 

Fe + Ij = Felj. 

On the solution evaporating spontaneously under the 
air-pump, it yields green crystals of Fel2>40Ha. It 
is used in medicine. Exposed to the air it combines 
with oxygen ; it is therefore mixed with strong syrup, 
which retards this change. 

Ferrous Sulphide (protosulphide or sulphiu'et of 
iron), FeS. — This substance is prepared by throwing 
into a red-hot crucible, in small quantities at a time, 
a mixtiu-e of two parts of sulphur and three and a half 
parts of iron filings. It is decomposed by dilute sul- 
phuric and hydrochloric acids, sulphuretted hydrogen 
being evolved, while ferrous sulphate or chloride re- 
mains in solution. It is largely used in the laboratory 
in preparing sulphuretted hydrogen. If heated in the 
air it is converted into ferrous sulphate by combina- 
ti(m with oxygen from the air. 

Ferrous Sulphate (sulphate or protosulphate of 
iron, copperas, green vitriol), SOaFeo" ; crystallized, 
SOHosFeo'^jdOHa* — This, which is the commonest 
and most itnportant ferrous salt, is prepared (i) by the 
solution of iron in dilute sulphuric acid ; (2) by dis- 
^ving ferrous sulphide in dilute sulphuric acid ; and 
(3), on the large scale, by the slow oxidation of ferric 
disulphide (FeSa). The disulphide (iron pyrites) is 
exposed, along with scrap iron, to the influence of air 
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and moisture, on an inclined piece of ground ; if suffi- 
cient moisture (rain, dew, &c.) does not exist, the bed 
is watered from time to time; ferrous sulphate and 
sulphuric acid are produced : the latter reacts upon the 
scrap iron, dissolving it, and forming a further quan- 
tity of the salt ; the water dissolves the salt, the solu- 
tion drains off and is evaporated, and on cooling yields 
green rhomboidal crystals : — 

(i) 2FeS3 + 2OH3 4- 7O2 = aSOaFeo*' + aSOjHcy 

Ferric Water. Oxygen Ferrous sulphate. Sulphuric 
disulphide. (from air). acid. 

(2) Fe -f- SOaHo, = SO.Feo" + Hj. 

Iron. Sulphuric acid. Hydrogen. 

It is extensively used in dyeing blacks ; writing ink 
is produced by the addition of it to an infusion of galls 
mixed with gum. On heating, it first loses a great 
portion of its water of crystallization, and on con- 
tinuing the heat it yields Nordhausen sulphuric acid 
(see page 135), a residue of ferric oxide being left in 
the retort. 

Ferrous Carbonate (protocarbonate of iron), 
COFeo". — This compound occurs in nature as spathic 
iron ore and clay ironstone, and is the source of nearly 
all the British iron. It is insoluble in pure water, 
but soluble in water containing carbonic anhydride, 
being converted into dihydric-ferrous dicarbonate 
(C^OaFeo^'Hoa) ; water containing this iron salt is 
known by the rusty matter it deposits on exposure to 
the air. 

4C20aFeo''Ho2 + O, = 2Te'"203 + 8CO2 + 4OH,. 

Dihydric-ferrous Oxygen Rusty Carbonic Water, 

dicarbonate. (from air). matter * anhydride. 

(ferric 
oxide). 
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Ferric Compounds (Compounds of Tetrad Iron). 

Ferric Oxide (peroxide, red oxide, or sesquioxide 

of iron), ) ppO^» or Te"'20s.— This oxide occurs in 

nature both crystallized and amorphous, forming the 
ores of iron known as red hamatite^ specular iron orcy 
and bloodstone. The crystals are rhombohedral It 
is prepared by decomposing ferrous sulphate by heat, 
or by igniting ferric hydrate in a crucible : — 

fFeHos _ IFeO^ . ^^tt 
IFeHos - iFeO^ + ^OH^ 

Ferric Ferric Water, 

hydrate. oxide. 

It is a red powder, almost insoluble in acids, and 
when heated in a current of hydrogen or with carbon 
is reduced to the metallic state : — 

1. {peO^ + 3H2 = 2Fe + 3OH,. 

Ferric Hydrogen. Iron. Water, 

oxide. 

2. {jigo^ +30= 2Fe + 3CO. 

Carbon. Carbonic 

oxide. 

Under the names of colcothar^ crocus of Mars^ and 

rot^e, it is used for polishing glass and jewellery; 

ground with oil it forms a cheap red paint 

Ferric Hydrate (hydrate of sesquioxide of iron), 
CTTpITo 
iP Ho!* — '^^^^ compound is prepared by adding 

ammonic hydrate in excess to a solution of ferric 
chloride, or any other soluble ferric salt : — 
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Feme Ammonic Feme Ammonic 

chloride. hydrate. hydrate. chloride. 

It forms an extremely bulky brown precipitate, 
which contracts remarkably on drying. Heated to 
redness it loses water, becoming incandescent, and 
forming ferric oxide (see p. 303). The hydrate dis- 
solves in acids, forming ferric salts. It is used in the 
purification of coal gas for removing sulphuretted 
hydrogen firom it ; the hydrated oxide is mixed with 
sawdust, and placed in layers about a foot thick on 
the perforated shelves of the purifier ; ferrous sulphide, 
sulphur, and water are produced by the absorption of 
the gas : — 

2 IpIh? "^ ^SH, = 4FeS t S, + 12OH,. 

Ferric Sulphuretted Ferrous Sulphur. Water, 

hydrate. hydrogen. sulphide. 

When the gas ceases to be absorbed, the sulphide 
is exposed to the air, by which it is reconverted into 
ferric hydrate :— 

4FeS + 60H, + 3O, = ^J^fjSS + ^^ 

Ferrous Water. Oxygen Ferric Sulphur, 

sulphide. (from air). hjrdrate. 

These changes go on alternately till the amount of 
sulphur impairs the absorbent power of the hydrate ; 
the sulphur is then distilled off, and converted into 
sulphuric acid. 

Brown hamatiie and gothite are abnormal ferric 
hydrates occurring in nature. 

DiferriC'ferrous Tetrozide (black or magnetic 

oxide, or protosesquioxide of iron), \ Sj^J^Feo". — This 
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oxide is the iron ore known as loadstone or magfietk 
iron ore. It is of a lustrous black coiour. It is pro- 
duced when iron is burnt in air or oxygen, and when 
steam is passed over the red-hot metal. The iron 
yielded by it is of excellent quality. 

Ferric Acid, Fe02Hoa. — When one part of ferric 
oxide and four parts of potassic nitrate are mixed 
together and heated to redness, a brown substance 
is obtained, which, when dissolved in water, gives a 
purple solution of potassic ferrate (FeOaKog). Potassic 
ferrate is decomposed by organic matter, and also by 
acids, with formation of ferric oxide. Ferric acid has 
not been isolated. 

Ferric Bisulphide (bisulphide of iron), FeSa.— 

This occurs as a natural production, forming iron 
pyritcSy martial pyrites^ or brass lumps. It crystallizes 
ill cubes, octahedra, and dodecahedra, which are of 
a brassy lustre. It is formed in some cases by the 
gradual deoxidation of sulphates by organic matter 
in the presence of solutions of iron salts. When 
exposed to the air it oxidizes, forming ferrous sulphate, 
especially if moistened with water at the same time. 
It is largely used under the name of mundic in the 
manufacture of sulphuric acid. 

Ferric Chloride (sesquichloride, perchloride, or 

permuriate of iron), \ p pi^- — If chlorine in excess 

be passed over red-hot iron filings, or if ferric oxide 
be dissolved in hydrochloric acid, ferric chloride is 
produced : — 

•(X) 2Fe + 3CI. = ^f^{. 

Iron. Chlorine. Ferric chloride. 
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(3) {llgo + 6HC1= {F|g; + 30H 

Ferric oxide. Hydrochloric Ferric Water. 

acid. chloride. 

The first process gives it in anhydrous brown 
scales ; the second in solution, which on evaporation 

yields red crystals of {pf ci^'^^^=^ ' ^^^^ ^^"^^ ^^^ 
deliquescent. It is soluble in alcohol : this solution 
is used in medicine. It is also obtained by oxidizing 
a solution of ferrous chloride with nitric acid, chlorine, 
or any other oxidizing agent. 

Ferric Sulphate (per- or sesqui-sulphate of iron), 
S30e(Fea06)^^— This salt is prepared by boiling a 
solution of ferrous sulphate acidulated with sulphuric 
acid, with nitric acid, until no more red fumes are 
given off; or by dissolving ferric hydrate in sulphuric 
acid ; — 

(i) 2S02Feo" 4- SO2H02 + NO^Ho = S806(FeAr' 

Ferrous Sulphuric Nitric Ferric sulphate, 

sulphate. acid. acid. 

-h OH2 -h NOHo. 

Water. Nitrous acid. 

^'^ {fIho3 + 3SO2H02 = S30e(FeAr -h 60H,. 

Ferric hydrate. Sulphuric acid. Ferric sulphate. 

It forms a yellowish white deliquescent mass on 
evaporation, having the composition S306(Fe.A)"» 
QUHg^ which loses its water when moderately heated. 
Un addition of potassic sulphate to a solution of it, 
and spontaneous evaporation of the mixtniQ, potassium- 
iron alum is obtained : 

f£&S£ X , S9,Ko = S.Oe(Fe,Oe)-Ko., 

I' ci no sulphate. Potassic sulptate. Dipotassic-diferric 

tetrasulphate. 
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Ferric sulphate is used in dyeing blacks, and is 
commonly, though* incorrectly^ called nitrcUe of iron, 
as it is made by the first process given above, in which 
nitric acid is employed. 

Ferric Phosphate^ P2O2(Fe2Oe)'S40Ha.— This 

salt is obtained as a white precipitate on mixing solu- 
tions of ferric chloride and hydric-disodic phos- 
phate : — 

{FeS "^ ^^^^^02^0 = 2P0,(FeA)" + 4NaCl 

Ferric Hydric-disodic Ferric phosphate. Sodic 

chloride. phosphate. chloride. 

-h 2HCI. 

Hydrochloric acid. 

It is insoluble in acetic acid, but soluble in ferric 
acetate, and is sometimes produced in estimating 
phosphoric acid. 

Tests for Ferrous Compounds, — Ferrous salts, when 
hydrated, and their solutions, are of a pale green 
colour ; the anhydrous salts are white. 

Sulphuretted hydrogen gives no precipitate in their 
acidified solutions. Ammonic sulphide throws down 
the black hydrated sulphide (FeS). Potassic or sodic 
hydrate precipitates the white ferrous hydrate (FeHo,), 
which changes to green, and then to brown, on expo- 
sure to the air. Potassic ferrocyanide causes a bluish 
white precipitate of dipotassic-ferrous ferrocyanide 
(FcFe^'CyeKg), which becomes of- a darker blue by 
exposure to the air ; the precipitate is decomposed 
with precipitation of ferrous hydrate by potassic hy- 
drate : it is insoluble in dilute acids. Potassic ferri- 
cyanide causes a dark blue precipitate of ferrous 
ferricyanide (FegFegCyia), known as TumbiUPs blue; 
it is decomposed, like dipotassic-ferrous ferrocyanide, 
by potassic hydrate, and is insoluble in acids. 
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Tests for Ferric Compouf ids. —Ytmc salts in solution 
have a yellow or reddish brown colour. 

Sulphuretted hydrogen reduces ferric salts to fer- 
rous salts, with a separation of sulphur, which renders 
the liquid milky : — 

2 {fS "^ ^^^' ^ ^^^^^ "^ ^^^^ "^ ^^ 

Ferric chloride. Sulphuretted Ferrous Hydro- Sulphur. 

hydrogen. chloride, chloric acid. 

Amnionic sulphide precipitates ferrous sulphide, as 
ferric sulphide cannot be formed in this way : — 

2 {pjct + 6SAm, = 4FeS + S, + i2AmCL 

P'erric chloride. Amnionic Ferrous Sulphur. Amnionic 

sulphide. sulphide. chloride. 

Soluble hydrates precipitate brown ferric hydrate 

{ I PaH 1 ' insoluble in excess of the reagent, soluble 

in acids. Potassic ferrocyanide causes a dark blue 
precipitate of ferric ferrocyanide (Fe'%[FeCyg]'''2)>— 
commonly called Prussian blue^ insoluble in acids, 
decomp>osed by soluble hydrates. Potassic ferri- 
cyanide produces no precipitate, but the solution be- 
comes deeper in colour. Potassic sulphocyanide 
changes the colour of ferric salts to a deep blood-red, 
owing to the formation of a soluble ferric sulpho- 
cyanide. This is a delicate reaction. 

Cobalt— Co. 

Atomic weight, 58-8. Atomicity, VI. (?), IV., and II. Sp.gr.,8*5. 

Special Notice, — Cobalt was discovered in 1733, ^7 
Brandt. 
Occurrence iu "Satat:.— This metal occurs in 
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metallic state in meteoric stones along with nickel, 
, &c. Its principal ores are speiss cobalt^ or tin- 

'e cobalt^ < ,rir Co" ; as cobalt glance^ and cobalt 

reparation. — The ore is roasted to expel the 
lie; dissolved in aqua regia^ evaporated to dry- 
, le-dissolved in water, and sulphuretted hydrogen 
2d through the liquid to precipitate copper, bis- 
1, and arsenic. The filtrate is then boiled with 
: acid to convert the ferrous salts present into 
: salts; amnionic hydrate is then added, which 
ipitates ferric hydrate, while the cobalt, together 
any nickel which the ore may have contained, 
tins in solution. These two metals are then pre- 
ated together as sulphides, th^ sulphides re-dis- 
id in nitric acid, and treated, after dilution, with a 
mt of chlorine gas, or a solution of bromine, and 
wards digested for twelve hours on baric car- 
Lte ; the cobalt is gradually precipitated as cobaltic 

e ( j p^qO). The mixture of excess of baric 

onate and cobaltic oxide is then dissolved in 
ochloric acid, the barium precipitated as sulphate 
dding sodic sulphate, and the cobalt precipitated 
)baltous hydrate (C0H02) by sodic hydrate, which 
len reduced in a current of hydrogen. The 
ess is very complicated. 

roperties. — Cobalt is a hard, infusible, strongly 
netic, reddish grey metal. It is soluble in sul- 
ic and hydrochloric acids, with evolution of 
ogeii; nitric acid also dissolves it freely. It 
izes by exposure to the air. It is more tenacious 
iron. 



310 THE ELEMENTS OF INORGANIC CHEMISTRY. 

Uses.— Cobalt is not used in the metallic state. Seve- 
ral of its compounds, however, are esteemed as colours. 

Principal Compounds. 

Cobaltous Compounds (Compounds of Diad Cobalt). 

CobaltOUS Oxide (protoxide of cobalt), CoO.— 
This compound is obtained by carefully heating 
cobaltous hydrate : — 

C0H02 = CoO + OH2. 

It is of a greenish grey colour. It dissolves in acids, 
forming cobaltous salts, which are blue in concen- 
trated solutions, and pink when dilute. The zaffre 
of commerce is impure cobaltous oxide. It is used 
in preparing smalt^ a beautiful blue glass, used in stain- 
ing paper, and for other purposes. 

Cobaltous Hydrate (hydrated oxide of cobalt), 
Co Ho,. — This substance is obtained as a pale rose- 
coloured precipitate, on adding potassic hydrate to a 
solution of a cobaltous salt : — 

C0CI2 + 2KH0 = C0H02 + 2KCI. 

It is soluble in solution of ammonic carbonate. 

Cobaltous Chloride, CoClg.— This salt is ol> 

tained by passing chlorine over heated cobalt, 
or by dissolving cobalt, cobaltous oxide, hydrate, or 
carbonate in hydrochloric acid. 

When anhydrous it is lilac-coloured ; in the hydrated 
condition (CoCl2,60H2) it crystallizes in ruby-red 
octahedra. A dilute solution of this salt forms a 
sympathetic ink. Letters written with this ink are in- 
visible until the salt has been rendered anhydrous by 
exposure to heat, when the characters appear blue. 
When laid aside, moisture is absorbed, and the writing 
again becomes mvmble. A quill pen must be used. 
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(NO2 

Gobaltous Nitrate (nitrate of cobalt), < Coo". — 

(no« 

This salt is prepared by dissolving the oxide in nitric 
acid : — 

(NO, 
CoO + 2NO0H0 = -I Coo* + 0H„ 

(no, 

Cobaltous oxide. Nitric acid. Cobaltoiis nitrate. Water. 

It is a deliquescent salt. It is used for detecting com- 
pounds of certain metals with which it gives character- 
istic coloured compounds when heated on charcoal 
before the blowpipe ; for example, magnesium com- 
pounds become pink, those of aluminium blue, and 
zinc compounds become green. 

Cobaltic Oxide (sesquioxide of cobalt), < g^^O.— 

This oxide is obtained by suspending cobaltous hydrate 
in water or potassic hydrate, and passing a current of 
chlorine through the liquid ; cobaltic hydrate is preci- 
pitated, and when gently heated is converted into 
cobaltic oxide. 

It forms a black powder, which, when strongly 
heated, loses oxygen, and forms cobaltous-dicobaltic 

tetroxide ( < n o^^^'')> corresponding to magnetic 

oxide of iron. 

Tests for Cobalt Compounds, — All the cobaltous 
salts (which are the only ones of importance) are 
lilac-coloured when anhydrous; their concentrated 
solutions are blue, and dilute solutions are pink or 
red. Sulphuretted hydrogen gives no precipitate in 
acid solutions. Ammonic sulphide precipitates a black 
hydrated sulphide (CoS). Potassic hydrate precipi- 
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tales first a blue basic salt, which an access of tbe 
reagent turns into the rose-coloured hydrate (CoHo^)- 
Before the blowpipe, cobalt compounds give in the 
oxidizing flame a very characteristic blue bead with 
borax. 

Nickel— Ni. 

Atomic weight, 58*8. Atomicity, VI. (?), IV., and II. 

Sp. gr., 87. 

Special Notice. — Nickel was discovered by Cronstedt 
in 1 75 1. It has a remarkable resemblance to cobalt, 
its atomic weight and atomicity being the same 3 and 
it is always associated with it in nature. 

Occurrence in Nature. — Nickel occurs in the 
metallic state in meteoric stones; its principal ore, 

however, is Ktipfernickel ( < „"^ /Ni", nickelous di- 

arsenide). 

Preparation. — Nickel is prepared either from 
Kupferpiickel or speiss (impure nickelous sulphide- 

diarsenide, i "a o^"^^")- '^^^ process employed at 

Birmingham for extracting it from speiss on the large 
scale, consists in first fusing it with calcic carbonate 
and calcic fluoride, grinding the resulting mass to 
powder, and heating it for twelve hours to expel the 
arsenic. The residue is dissolved in hydrochloric acid, 
the solution diluted, and the iron present converted 
into ferric salt by cautiously adding bleaching powder; 
calcic hydrate (solid) is then added to remove the 
iron as ferric hydrate. The precipitate is removed by 
filtration, and sulphuretted hydrogen passed through 
the filtrate ; this precipitates copper, lead, and bismuth 
as sulphides, leaving only nickel and cobalt in solution. 
After again filtering and "boiling to expel excess of 
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Sulphuretted hydrogen, calcic hydrate is added till 
'he liquid is neutral; and on now adding bleaching 
powder, cobaltic hydrate is precipitated, after removing 
Kvhich the nickel is precipitated as nickelous hydrate 
[NiHo^. The hydrate is mixed with charcoal, and 
Seated in a crucible for an hour, a button of nickel 
containing carbon remains at the bottom of the cru- 
cible. 

Properties. — Nickel is a white, lustrous, hard, 
ductile metal. It is rather more fusible than iron, 
but exceeds it in tenacity. It is capable of being 
rendered magnetic. It is slowly soluble in hydro- 
chloric and dilute sulphuric acids, hydrogen being 
evolved ; nitric acid and aqua regia dissolve it rapidly. 
Heated in air it becomes oxidized. If brass be melted 
with nickel a white alloy known as German silver is 
obtained. 

Uses. — Nickel is principally used in the manufac- 
ture of German or nickel silvery the alloy just men- 
tioned — good proportions for making which are, in 
ICO parts, copper 51 parts, zinc 30*6, and nickel, 
18-4. 

Principal Compounds. 

Nickelous Compounds (Compounds of Diad 

Nickel). 

Nickelous Oxide (protoxide of nickel), NiO.— 
This oxide is prepared by igniting the hydrate, nitrate, 
or carbonate in a covered crucible. 

It is of an olive-green colour, and forms nickelous 
salts by solution in acids. 

Nickelous Hydrate (hydrate of protoxide of 
nickel), NiHo^. — This substance is obtained as a 
light green bulky powder by adding an excess of 
potassic hydrate to a soluble nickelous salt, and 
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washing the resulting precipitate well with boiling 
water. Amnionic hydrate dissolves it, forming a deep 
blue solution. 

Nickelons Sulphide (protosulphide of nickel), 
NiS. — This compound is found in nature as miUtritt^ 
capillary pyrites, or hair nickel. 

Nickelons Chloride (chloride of nickel), NipV- 

This salt is formed by dissolving nickelous oxide or 
carbonate in hydrochloric acid. A green solution 
is obtained, which, on evaporation, yields crystals of 
the same colour, having the composition NiCl2,90H2' 
If these crystals be heated, water escapes, and a 
yellowish brown mass of the anhydrous chloride re- 
mains. 

Nickelous Sulphate (sulphate of nickel), SOsNio'- 
— I'his salt is prepared by dissolving nickel, nickelous 
oxide, or carbonate, in sulphuric acid : — 

Ni -f SO2HO2 = SOgNio" + Hg. 

Nickel. Sulphuric Nickelous Hydrogen, 

acid. sulphate. 

It is the most important of the salts of nickel. It 
crystallizes in green rhombic prisms, whose composi- 
tion is SOHo2Nio*,60H2, and which change into 
octahedra by exposure to light. 

Nickelic Compounds (Compounds of Tetrad 

Nickel). 

Nickelic Oxide (sesquioxide of nickel), | SjqO, 
may be obtained by gently heating nickelic hydrate ;— 

5NiH03 _ ySxOr. . -OH 

iNiHo, - iNiO^ + 3OH2. 

Nickelic liydrate. Nickelic oxide. Water. 

It forms a black powder, which is decomposed by a 
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heat or by acids, giving off oxygen, and forming 

)us salts with the latter. 

kelic Hydrate (hydrated sesquioxide of 

, < S-rTQ'j is prepared by treating nickelous 

* suspended in water with a solution of bleach- 
*aer: — 

Ho. + CI, = {g|g°; + NiCU 

lous Chlorine. Nickelic Nickelous 

ite. hydrate. chloride. 

IS a black powder, which is decomposed by 
imilarly to the oxide. 

^sfor Nickel Compounds, — Anhydrous nickelous 
e yellowish brown ; hydrated ones green, 
huretted hydrogen gives no precipitate in acidi- 
lutions. Ammonic sulphide precipitates the 
hydrated sulphide (NiS), slightly soluble in 
of the reagent. Potassic hydrate in excess 
down nickelous hydrate (NlHoa) of a pale 
lolour. Before the blowpipe, when fused with 
3r microcosmic salt, nickel compounds give a 
L yellow glass in the outer flame; the colour 
>n cooling. In the inner flame greyish par- 
f metallic nickel are produced in the bead. 



EXERCISES. 



The equation explaining the reaction will furnish the data for 
the calculations. 

The atomic weights on pp. 3 and 4 most be used. 

The molecular weight ot a compound in criths, with rare 
exceptions, measures two litres at tne normal temperature and 
pressure (0° C. and 760 m.m. Bar. ). 

Series I. 

*i. Classify the following substances into elements and com- 
pounds : — water, chalk, common salt, iron, mercury, sul« 
phur, calomel, copperas^ ammonia, oxygen, lime. sand. 

*2. Wh^ is hydrogen regarded as an dement, and hydrochloric 
acid as a compound ? 

3. Classify the following elements (i) into chlorous or negative, 

and basylous or positive ; (2) into metals and non-metals :— 
iodine, sulphur, carbon, selenium, sodium, barium, fluorine, 
zinc, quicksilver, hydrogen, and phosphorus. 

4. Explain the fact that zinc liberates tin from its solutions, iron 

liberates copper, and chlorine displaces iodine. 

5. Why does mercuric oxide break up into oxygen and mercury 

when strongly heated ? 

Series II. 

*6. Define the terms ** atom" and ** molecule " in their modem 
acceptation. 

7. What is the weight of a litre of oxygen, nitrogen, iodine 

vapour, and chlorine, respectively, each being measured at 
the normal temperature and pressure ? 

8. Give examples of compound molecules which contain two, 

three, four, five, and six volumes of elementary bodies 
respectively. How many volumes does a molecule mea- 
sure when in the gaseous state ? 

9. If a cubic foot of steam has all the oxygen removed fi"om it, 

how much will the remaining hydrogen measure ? 
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If a cubic foot of ammonia gas has all the nitrogen removed 
from it, how much will the residual hydrogen measure ? 

Series III. 

Describe dourly what the following formulae express : — 
OH„ NH„ 7OH,, (NH,),o. 

Platinum forms two combinations with chlorine, PtCl and 
PtCla : by what names do you, distinguish these two chlo- 
rides ? Give examples of similar cases. 

The followii^ substances are found to form acids by com- 
bining wim water :^<^1,0|, P»0„ CrO|. Name these 
compounds, and the acids they form. 

Give examples of hydmtes, and say what takes place when 
lime (CaO) is slaked with water. 

The substance CO« is often called carbonic acid, and SOa 
sulphurous acid ; show that these names do not accord 
with the modem acceptation of what an acid is. 

Series IV. 

Give a few examples of hydracids and oxy-acids. Classify 
the following substances (i) into acids, (2) bases, (3) salts : 
— copperas, blue vitriol, sulphuretted hydrogen, arsine, 
ammonia, hydric chloride, lime, baryta, potash, hydric 
fluoride, chalk. 

One atom of zinc is found to displace two atoms of hydrogen, 
and five atoms of calcium exchange places with two atoms 
of antimony : explain this. 

Give graphic representations of an atom of phosphonis, 
silicon, carbon, boron, selenium, mercury, and chlorine, 
showing how many bonds each atom has. Express the 
same thing by means of Dr. Odling*s atomicity marks. 

Classify the elements in Exercise 3 according to their 
atomicities. 

Explain why phosphorus is frequently a triad as well as a 
pentad, but never a tetrad or diad. 

Series V. 

Define a compound radical ; mark the atomicity of the fol- 
lowing radicals : — Zno, Cao, Bio, Amo, Am, Auo, Algo ; 
give the symbols for the radicals (SnC),)" and (SnO^)'*, 
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22. Write out the graphic formulae of the following compounds :- 

I NO, 
SO,Cuo", CrO,Ho„ SOHo^ BaHo„ \ Bao", Te'^CW 

(NO, 

Cr^HO., SsOeFe^o^. 

23. Write out constitutional fbnnulse of the following salts:-;-' 

cadmic bromide, calcic chlorate, aluminic chloride, stannic 
chloride, strontic nitrate, ferric sulphate, ferrous sulphate, 
calcic orthophosphate, magnesic silicate.* 

Name the following salts*— SO,Cao", SOCac/'» SS"ONaoj, 

I 0Ko» NONao, Cao"a^ j gg^^, CtO^Ko^ COCao", 
AsOKo,. SiMno"3, SaOeAl^". 

24. What are tribasic acids ? Give examples. 

25. What is the difference between atomic and molecular com- 

bination ? Give examples. 



Series VL 

26. What weight of hydrogen gas will be evolved by the solution 

of 100 grammes of zinc in dilute sulphuric acid ?t 

Ans. 3*07 grammes. 

27. How many litres will the hydrogen of (26) measure at the 

normal temperature and oressure ? Ans. 34*34 litres. 

28. If 10 grammes of sodium (Na) be placed upon water, how 

much sodic hydrate (NaHo) will be formed? 

Ans. 1 7 "39 grammes. 

29. If steam be passed through a red-hot porcelain tube con- 

taining 10 grammes of iron filings until they become com- 
pletely converted into magnetic oxide of iron (FCsO*)! how 
many litres of hydrogen will be obtained ? 

Ans. 5*31 litres. 

30. Sixty-five grammes of zinc are dissolved by boiling in potassic 

hydrate (KHo), and the hydrogen evolved burnt in oxygen : 
how much water will be produced ? Ans. 18 grammes. 

* See table of salts, p. 33. 

t Example 12. What weight of hydrogen will be evolved by 
acting on hydrochloric acid with lo grammes of magnesium ? 
By the equation, — 
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Series VII. 

^^' How nucmr litres of chlorine will be evolved by acting on a 
kilo, of manganic oxide MnO^) with hydrochloric acid ? 

Ans. 256*56 litres. 
32. How much argentic dhloride (AgCl) will be formed by 
adding an excess of argentic nitrate (NC^Ago) to a solu- 
tion of 10 grammes of conunon salt (NaCl) ? 

Ans. 24*53 grammes. 
ZS- How modi jglt cake (SOsKftOg) can be obtained from a 
ton df salt iNaCl) ? Ans. 1*213 tons. 

34. How much common salt, sulphuric acid, and manganic 

oxide respectively will it require to produce 1 00 litres of 
chlorine gas? Ans. NaCl, 524*16 grammes. 

SOjHoj, 887*08 „ 
MnOa, 389*76 

35. How much silver is contained in 100 grammes of argentic 

chloride ? Ans. 75 '26. 



Mg + 2Ha == MffCl, + H,. 

I I 

24 2 

Mg. Mg. H. H. 
. • . as 24 ; 10 II 2 I X, 

10 X 2 

X = — — — = *83 gramme of hydrogen. 
24 

Example 13. How many litres of hydrogen, at o' C. and 
^60 m.m. Bar., will be evolved in (28) ? 

By the equation,— 

Na, + 2OH, = 2NaHo + H,. 



46 2 

Therefore 46 criths of sodium yield 2 criths of hydrogen. 
2 criths of hydrogen = 2 litres. 

Grammes Na. Gr. Na. Lit. Lit. 

. • . As 46 X -0896 ; 10 : : 2 : jr. 

X = _,I^^_?_. = 485 litres of hydrogen. 
46 X -0896 ^ ^ ^ ^ 
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Series VIII. 

36. A gas bag holding 20 litres is required to be filled with 

oxygen at the normal temperature and pressorer: how 
much potassic chlorate most be used ? 

Ans. 73*173 grammes. 

37. From a given weight of manganic oxide (MllO»), how inudi 

more oxygen can be obtained by heating it with salphttric 
acid than by heating it alone ? 

Ans. \ mqce. 

38. If 5 litres of chlorine gas be mizdd with steam, and the mix- 

ture sent through a red-hot porcelain tube, how many 
litres of oxygen will be liberated ? 

Ans. 2*5 litres. 

39. 100 cubic metres of oxygen are required : how much sulphuric 

acid must be decomposed in order to fiimish it? (see p. 68). 

Ana. 878,080 grammes. 

40. 100 c.c. of ozone are heated stron^y: how many c.c. of 

oxygen will be obtained ? 

Ans. 150 cc. 



Example 14. How much sodium is contained in 10 grammes 
of common salt ? 
By the formula, — 

Na. CI. 

23 -f 35 S- 

58'^ 
NaCl. NaCl. Na. 

/. As 585 : 10 : : 23 : x. 

10 X 23 
X = "e'^l — = 3 93 grammes of sodium. 

See also Example ii, p. 122; and on p. 123, for 37*9 litres of 
nCl, read 38-15 litres. 

Example 1 1 may also be worked as follows ; — 

By the equation, 117 criths of NaCl yield 73 criths of HCl. 

73 criths = 4 litres. 

Grammes NaCl. Gr. NaCl. Lit. HCl. Lit. HCl. 

/.As 117 X 0896 : 100 :: 4 : jr. 

__ 100 X 4 
•^ "" U 7 X -0896 = 38-15 litres of HCl. 



• 
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Series IX. 

• If 26 C.C. of hydrogen be mixed Math 15 c.c. of oxygen, how 
many c.c. of water vapour will be formed, calculated at 
o* t^. and 760 m.m. Bar., and what will it weigh? 

Ans. 28 c.c, and '0225792 gramme. 
i. What is the weight of a litre of water vapour, calculated at 
o** C. and 760 m.m. pressure? 

Ans. 9 criths. 
. If the hardness of a water showing 13 degrees of hardness 
with Clark's soap test, arise wholly from the presence of 
calcic sulphate (SO,Cao") in solution, how many grains 
of this salt per gallon does the water contain ? 

Ans. 16*32 grammes of SOjCao". 
^ How is hydroxyl prepared ? what are the relations of this 
substance to water and slaked lime ? and to what useful 
purpose has it been applied ? 
What weight of pure hydroxyl (Ho,) can be obtained from 
I lb. of baric peroxide (BaO,) ? 

Ans. 'loii lb. 

Series X. 

How much bleaching powder (Ga[OCl]Cl) can be made 
with a ton of lime (GaO)? 

Ans. 2 '267 tons. 
How many litres of chlorine will it require to convert I 
kilogramme of lime (GaO) into bleaching powder? 

Ans. 398-59. 
How many litres of chlorine are required to furnish a kilo, 
of potassic chlorate? (see pp. 83 and 176). 

Ans. 546*64 litres. 

'xample 15. — If 10 litres of chlorine be mixed with 10 litres 

ilphuretted hydrogen, how much hydrochloric acid gas will 

troduced? 

^ the equation, — 

2SH,' + 2CI, = 4HCI + S,. 
1 molecules 2 molecules 4 molecules 
(4 volumes). (4 volumes). (8 volumes). 

chlorine forms double its volume of hydrochloric acid. 
litres of chlorine will form 20 litres of hydrochloric acid. 
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49. What are meant by aUotropic modifications? Give numer- 
ous examples. 

5a Write out the constitutional and graphic formulae of the 
compounds of chlorine with oxygen and hydroxyl. 

Seribs XI. 

51. How mnch dry calcic chloride (GaCls) can be obtained by 
dissolving a kilo, of chalk in hydrochloric acid ? 

Ans. 1 1 10 grammes. 
$2. How many litres will the carbonic anhydride evcMved in (51) 
measure at o°C. and 760m.nL Bar. ? 

Ans. 223*16 litres. 

53. If 100 litres of carbonic oxide be mixed with 50 litres of 

oxygen gas, and the mixture exploded, how many litres 
of carbonic anhydride will be formed ? 

Ans. 100 litres. 

54. If 100 litres of carVonic anhydride be passed through a red- 

hot tube containii^ charcoal, how many litres of carbooic 
oxide will be obtained ? 

Ans. 200 litres. 

55. Hgw many litres of carbonic oxide can be obtained fbm 

100 grammes of dry oxalic acid, j Cgg"? 

Aps. 24*8 litres. 

Series XII. 

56. The density of atmospheric air is 14*4 : show that diis is 

also the calculated density of dry air, air being considered 
to be a mixture. 

57. How many litres of ammonia ^ can be obtaiped from 100 

grammes of sal anmioniac (l^H^Cl) ? 

Ans. 4172 litres. 
(NO, 

58. How much cupric nitrate, < Cuo", can be obtained by dis- 

(NO, 

solving 10 grammes of metallic copper in nitric add 
(NO,Ho)? 

Ans. 29*52 giammes. 

59. What is the weight of 10 litres of ammonia gas, calculated 

by Williamson's standard ? 

Ans. 7*59 grammes. 
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60. How much more nitric acid (NOtHo) can be Qbtained ^m 

a kila of sodic nitrate (NOtNiao) than frpm a kilo, of 
potassic nitrate (NO,Ko) ? 

Ans. 117*41 grammes. 

Sbries XIII. 

61 . How mahy litres of laughing gas (ON^) can be obtained from 

a kilo, of ammonic nitrate (NOiAmo) ? 

Ans. 279*01 litres. 

62. Ten litres of gas are measured off at 0° C. and 760 m.m. 

Bar.: how many litres will they measure if raised to 
100° C. and under a pressure of 750 num.? (see p. 117). 

Ans. 13*84 litres. 

'63. I measure 100 c.c. of dry nitrogen at 10° C. and 650 m.m. 
mercurial pressure : what will be its volume at o** C. 
and 760 m.m. pressure, and how much will it weigh in 
grammes? 

Ans. 82*5 C.C. 

♦64. What is the theoretical quantity of pure nitric add obtain- 
able from one ton of SGKdic nitrate ? 

Ans. 741 1 ton. 

^65. I take equal volumes (measured at the same temperature 
and pressure) of hydrogen, nitrogen, hydrodiloric acid 
gas, steam, siiid carbonic anhydride, and find that the 
nitrogen weighs 56 grammes. Required the weight of 
each of the other gases. 
Ans. H=4, HC1=73, 0^8=3$, COj=88 grammes. 

SERHSff XIV. 

66. The iodine in 100 volumes of Kydriodic acid is liberated in 

succession by chlprine and.Qsygen: how many volumes 
of chlorine and of oxygen are required? 
Ans. 50 volumes of cjilprine and 25 vols, of oxygen. 

67. 50 litres pf gas are measured off at 13* C: what will they 

measure at — 40** C, the pressure remaining thp same ? 

Ans. 4073 litres. 

68. To what temperature' must 18 litres of oxjrgen be raised in 

order that it may fill the bag in Exercise' 36 ? 

Ans. 30J* C. 
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69. 100 C.C. of gas are measured off at 20" C. and 755 m.m. 

Bar. : how much will they measure at — 20** C. and 765 
m.m« Bar. ? 

Ans. 85 '11 C.C. 

70. To what pressure must 80 litres of gas measured at 760 

m.m. Bar. be reduced in order that it may measure ico 
litres, the temperature remaining the same ? 

Ans. 608 m.m. Bar. 

Series XV. 

71. What is the weight in criths and in grammes of i litre each 

of nitrous oxide (ONg), carbonic anhydride (GO^), car- 
bonic oxide (CO), and iodine vapour ? 
Ans. Criths ON, = 22, CO3 = 22, CO = 14, I = 127. 
Grammes QNj = 1*97, QO^ = i*97, CO = I 25, 

1= 11-37. 

72. 80 criths of dry ammonic nitrate )deld 2 litres of nitrous 

oxide gas (ON,) : how many litres can be obtained from 
100 grammes of ammonic nitrate ? 

Ans. 27*9 litres. 

73. How many litres of sulphurous anhydride (SO,) would be 

obtained by dissolving 100 grammes of copper in sul- 
phuric acid (SO,Ho,) ? 

Ans. 35 '15 litres. 

74. How much crystallized cupric sulphate (SO,Cuo",40H,) 

would be produced in (73) ? 

Ans. 364*56 grammes. 
7$. In a vessel containing 100 litres of air, sulphur is burnt until 
the whole of the oxygen is consumed ; what will tiden be 
the composition of the atmosphere by volume ? 

Ans. SO, = 20 litres ; N = So litres. 

Series XVI. 

7^ If 64 lbs. of sulphur be burnt in air, how many lbs. of 
sulphurous anhydride (SO,) will be obtained ? 

_,^^ . , , Ans. 128 lbs. 

77. What weight of sulphuretted hydrogen (SH») will be evolved 

by acting on i kilo, of ferrous siUphide (PeS) with dilute 
sulphuric acid ? 

^fi iT^ r. 11 ^ ^P^' 386-36 granunes. 

78. How many litres wiU the gas evolved in (77) measure at 

o C. and 760 m.m. Bar.? 

Ans. «53-6s litres. 
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79. How much sulphuric acid (SOgHo.) can be manufactured 

from I ton of pure iron pyrites (Fe^s)* supposing all the 
sulphur to be available ? 

Ans. I '63 tons. 

80. How much sulphur is contained in 100 grammes of sul- 

phuric acid (bOgHo,) ? 

Ans. 32*65 grammes. 

Series XVH. 

81. 100 grammes of baric sulphate (SO,Bao") are precipitated 

from a solution of Glauber's salt (SOsNao^jioOH,) by 
means of an excess of a solution of baric chloride (BaClj) : 
what weight of Glauber's salt was in solution ? 

Ans. 138*19 grammes. 

82. How much cupric sulphide (GqS) will a litre of sulphuretted 

hydrogen (SH^) precipitate from an acid solution of cupric 
chloride (CuCl,) ? 

Ans. 4*2784 grammes. 

83. How much sulphur is contained in a kilo, of carbonic disul- 

phide, GS^? Ans. 842*105 grammes. 

84. How many litres of carbonic and sulphurous anhydrides re- 

spectively will be produced by the complete combustion 
in air or oxygen of 100 grammes of carbonic disulphide ? 
Ans. 29*37 litres COg and 58*74 litres SOj. 

85. How much sulphuric acid (SOgHog) can be obtained from I 

ton of crude sulphur, containing 90 % of pure sulphur ? 

Ans. 2*75625 tons. 

Series XVIII. 

♦86. If 50 grammes of sodium be heated in a current of hydro- 
bromic acid gas until it is completely converted into sodic 
bromide, what will be the weight and volume of the hydro- 
gen liberated ? 

Ans. 2*i73grammes; 24*26 litres. 

87. A current of sulphuretted hydrogen is passed into water 
containing 80 grammes of bromine, until the bromine is 
converted into hydrobromic acid : how much sulphur will 
be obtained ? Ans. 16 grammes. 

38. How much iodine will be separated from a solution of potas- 
sic iodide by passing a litre of chlorine gas into it ? 

Ans. 11*3792 grammes. 
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99k Honr nuch hydrofluoric acid (HF) can be obtained by 
ticftting a kilo, of cryolite (A]tF»6NaF) with salpharic 
acklT 

Ans. 570 grammes 
9a How much silica (SiO,) will be required to ittmish 100 
litres of silicic fluoride (SiF«) I 

Ans. 271*04 grammes 

Series XIX. 

91. How many litres of phosphorous Ya|>our, calculated at oT C. 
and 7^ m.m. Bar., can be obtaiined from a kilo, of pure 
botie ash (PsO,Cao*3), supposing all the phosphoros 
available? 

Ans. 36 litres. 
9a. How many Ktres of phosphoretted hydrogen (PH^ can be 
obtained by boiling 10 grammes of phosphorus with sodic 
hydrate (NaHo) ? 

Ans. I '8 litres. 

93. How much crystallized rhombic sodic phosphate (PONao,Ho, 

loOH^) can be obtained by burning a gramme of phos- 
phorus in air and neutralizing the solution of the phos- 
phoric anhydride produced with sodic carbonate ? 

Ans. 10*387 grammes. 

94. How much phosphorus is contained in a ton of bone ash 

(PtOjCao ,) containing 95 % of pure caldc phosphate? 

Ans. 'ig ton. 

95. Write out the constitutional and graphic formulae of ortho-, 

meta-, and pyro-phosphoric acid. 

Series XX. 

96. too grammes of arsenious sulphide (ASf Sj)' ha^e to be con- 

verted into arsenious anhydride (ASaOs) : how much 
ASsOj will be obtained, and how will you do it ? 

Ans. 80*48 grammes. 

*97. You have mercury, a glass flask, and a piece of hard glass 
tube, and are inquired to make pure oxygen : how will 
yoti do it ? 

^98. What is the weight in grammes of one litre each of the fol- 
lowing gases and vapours measured at o^ C. and 760 m.m. 
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Bar. ? — nitrogen, arsenic, mercury, mercuric dbloride, 
sulphurous anhydride, ammonia. 

Ans. N = I '25 grammes. 
As = 1344 „ 
Hg= 896 „ 
HgCl, = 1214 I, 
SO, = 2-86 „ 
HHj = 76 gramme. 
99. How much calcic carbonate (GOCao') must be decomposed 
in order to furnish sufficient carbonic anhydride to convert 
10 grammes of potassic hydrate (KHo) mto potassic car- 
bonate (COKog) ? 

Ans. 8*928 grammes. 
100. How much metallic potassium will be required to furnish 
100 granunes of potassic hydrate (KHo) f 

Ans. 69*64 grammes. 

Series XXI. 

loi. One ton of common salt has to be converted into crystallized 
sddic carbonate by Le Blanc's process : what weight of 
GONaOj, loQH, will be obtained, supposing ther6 is no 
loss? 

Ans. 2*44 tons. 

10^. Show by an equation what tak^ plade when chloriiie gas 
ik paissed into a solutioii of sulphurous acid (SOHo,). 

103. One gramme of ammoniochloride of platinuln (2lAmCl, 

PtCL) is ignited: how much metallic platinum will 
be left? 

Ans. *44i gramme. 

104. If 100 grammes of metallic zinc be placed in solution of 

cupric sulphate (SOjCuo"), how much metallic copper 
will separate ? 

Ans. 97*69 grammes. 

105. How many grammes of metallic lead can be got out of roo 

grammes of red-lead (Pb804) ? 

Ans. 96*656 grammes. 

Series XXII. 

106. What are the densities of carbonic otide (CO), carbonic 

anhydride (COg), and hydrochloric acid gas (HCl), re- 
ferred to hydrogen as unity ? 

Ans. CO = 14, COa = 22, HCl = 18*25. 

107. If 10 CO. of ammonia gas be decomposed by the electric 
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discharge, how many c.c. of nitrogen and hydrogen re- 
spectively will be obtained ? 

Ans. Nitrogen = 5 cc. 
Hydrogen = 15 cc. 

108. 10 litres of gas are measured at o** C. and 760 m.nL Bar/ 

what will they measure at 15° C. and 750 mm. Bar.? 

Ans. 10 '69 litres. 

109. What is the difference between limestone, lime, and slaked 

lime ? Give the formula of each, 
no. By what process are stalactites formed? 

Series XXIII. 

111. A gas at 0° is raised in temperature to I2% and then oc- 

cupies the space of 1995 litres : what was its original 
volume ? 

Ans. 191 1 litres nearly. 

112. A quantity of argentic oxide (QAgs) on being heated yields 

10 cc. of oxygen: what was the weight of the oxide ? 

Ans. '2078 gramme. 

113. How much argentic nitrate (NO, Ago) can be obtained by 

dissolving i oz. of pure metallic silver in nitric acid ? 

Ans. I '574 oz. 

114. What weight of crystallized baric chloride (BaC1^20H,) 

can be obtained from 10 grammes of heavy spar 
(SOjBao") P 

Ans. 10*47 grammes. 

115. How much chalk will be formed by burning a gramme of 

charcoal and passing the product of combustion into an 
excess of lime water;? 

Ans. 8*3 grammes. 

Example 16. — How much tin will be displaced from a solution 
of stannous chloride (SnCl,) by 10 grammes of zinc ? 
By the equation, — 

SnCla + Zn= ZnClj + Sn. 
65 118 

Therefore 65 grammes of Zn displace 118 grammes of tin. 

Zn. Zn. Sn. Sn. 

As 65 : 10 :: ns : x 

X = — rr = 18*15 grammes of Sn, 
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Series XXIV. 

1 1 6. How much lime can be obtained by burning a ton of pure 

limestone ? 

Ans. '56 ton. 

117. How much magnesia will be formed by the combustion of 

a gramme of metallic magnesium ? 

Ans. I *6 grammes. 

118. If I cwt of magnesian limestone (GsOgMgo 'Cao") be 

treated with sulphuric acid, how much crystallized mag- 
nesic sulphate (SOHosMgo'^60H,) will be obtained ? 

Ans. 14973 ^^' 

119. How much magnesia is contained in 10 grammes of mag- 

nesic pyrophosphate (PjOsMgo",) ? , . 

Ans. 3 '603 grammes. 

120. The iron in 10 grammes of ironstone as a ferrous salt is 

found to reduce 2*81 grammes of potassic bichromate : 
what per-centage of iron does the ironstone contain ?*^ 

Ans. 32 per cent. 



Series XXV. 

121. What is the per-centage composition of the following sub- 
stances ? — 

Calcic carbonate (COCao*). Ans. 




icx> 



N =26*17 

Ammonic chloride (NH4CI). Ans. ^H= 7*47 

Cl=:66-36 



100 



Common salt (NaCl). Ans. ^9=^*^ 

(Na=39-32 



icx> 



CCrO, 

* ^ O + 6PeCls + I4HC1=2KC1 + CrjCle + 3FeCle + 7OH 

CCrO," 



Si^ 



CS =3265 
Sulphuric acid (80,Ho,V Ans. < O =65 -31 

(H= 2-04 



100 



Sodic nitrate (llO,Nao). 



N =16-47 

Ans. {O ==56-47 

Na=27'o6 



100 



CrrAWt (eNaP,AliPf)* 



(Al =13-07 
Ans. < Na=:32-78 

( F =54-15 



106 



Series XXVI. 

1 22, What are the empirical fbrmulse and names of the substances 
having the following per>centage composition ? — 

«, Carbon = 42*86) 

Oxygen = 57''4 f Ans. CO. 

100 ) 



K SUicon = 20*28] 

Magnesium = 34*16 ( . «i|MW 
Oxygen =: 45S6 i ^^- SlMgo j. 



100 



Extimpit 16. — What is the per-centage composition of sodic 
carbonate (CONao,) ? 

By the formula, — C =12 

Na, = 46 

O, =48 



106 



.'. As 



CONao,. OONao,. 



106 
106 
106 



100 
100 
100 



Per-centage 

C. C. composition. 

11 \ jp = 11*32 C 

Na. Na. 

46 : jf = 43*39 Na 

O. O. 

48 : j; = 45-28 O 

99 99 
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d. Iron =3 70'0i 
Oxygen = ^29^ J Ans. Y^O^ 

100 

e. Manganese = 72*05 
Oxygen = 27*95 ( Ans. VLlifii* 



= 72*05 y 

= 37'9S [ 
100 ) 



_/^ Carbon = r3*04\ 

Oxygen = 52*18 

Magnesium = 13*04 

Calcium = 21*74 



100 



. Ans. CjOsMgoTao'. 



Example 1 7. A substance has been found to consist of calcium, 
phosphorus, and' oxygen, in the following proportions : — 

Calcium . . 3871 
Phosphorus . . 20 '00 
Oxygen . . 4»'29 

100 

What is the formula of the substance ? Give such numerical 
details as will show the mode of calculation. 

First, divide the per-centage of each element by its atomic 
weight, to obtain the number of atoms each : — 

^ ' = '06 atoni ofcalciran. 
40 



20*00 



= '^4 i> phospEohis. 



31 
.1LE2 = 2*58 atottis of oxygen. 

"We must now find three udhole numbers in the ratio of 
*96 ! "64 r 2*58, as we never write fractions of atoms. To do 
this, first divide each by the lowest : — 

•64 '64 '64 
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Now multiply by 2, to get rid of '5, and we haiFc 3 atoms of 
Ca, 2 atoms of P, and 8 atoms of O. Hie lonmila therefore is— 

PjOgCa, or PsO^CaoV 

Example 18.— What is the formula of a substance having the 
following per-centage composition ? — 

Sodium = 873 

Aluminium = 10*39 

Silicon = 32-32 

Oxygen = 48*56 

100 

The relative number of atoms is obtained by dividing each 
pcr-centage amount by its atomic weight : — 

Then — ix = '379, relative number of atoms of Na. 

li= -377, „ „ Al. 

27-5 

28*5 

i^:si = 3-035, „ .. o. 



16 



», 



These relative numbers are most readily reduced to their sim- 
plest relation by dividing each of them by the lowest, and allowing 
for errors of analysis ; Oius : — 

•379 

rrri = i. No. of atoms of Na. 
377 



— I. »y ), AL 



•377 
•377 

1-134 _^ 

"TTZr "- 3« >i i> Si. 

3^35 _ o ^ . 

•377 " " " 

The empirical formula of the substance is therefore 
SijiNaAlOt, and by doubling the formula in order that we may 
have the aluminic radical we have the constiturional formula 
ai«CVNao|(AlaO«)'^^ 
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I gramme 

lo grammes 
100 „ 

lOOO ,, 

•I gramme 
•oi „ 
•001 „ 



I metre 

lo metres 
lOO „ 

lOOO ,, 

'I metre 
•OI „ 
•ooi „ 



I 

lO 

lOO 

lOOO 



litre 
litres 



•I 

•OI 
•OOI 



ti 
tt 

litre 

>> 

it 



Weights. 

■■ the unit (i5^434 grains). 

: I decagramme. 

: I hectogramme. 
= I kilogramme. 
= I decigramme. 
=: I centigramme. 
= I milligramme. 

Linear Measure. 

= the unit (39*37 inches). 

= I decametre. 

= I hectometre. 

=: I kilometre. 

=: I decimetre. 

= I centimetre. 

= I millimetre. 

Measure of Capacity. 

== the unit (61*027 c.in., or 1*76 pints). 

= I decalitre. 

= I hectolitre. 

= I kilolitre (i cubic metre). 

= I decilitre. 

= I centilitre. 

= I millilitre (i cubic centimetre). 



I cubic centimetre of distilled water, taken at 4^ C, its point of 

greatest density, weighs I gramme. 
I litre of distilled water, taken at 4° C, weighs looo grammes. 
I litre of hydrogen at 0° C. and 760 m.m. Bar. weighs I crith. 

I Crith = '0896 Gramme. 
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Syllabus op the Science and Ast Depastment. 

Inoiganic Chemistry. 

FIRST STAGE OE ELEMENTAET COURSE. 

Pupils presentii^ themselYes for exainination will be expected 
to possess a knowledge of the following subjects : — 

Definition of chemistry. Simple and compound matter. 
Different modes of chemical action. Combming weights. 
Volume weights. Principles of chemical nomenclature. Sym- 
bolic notation. Graphic notation. Chemical formulae. Chemi- 
cal equations. Atomicity of elements. Simj^ and compound 
radicals. Definition of a compound radicaL Classification of 
elements into metals and non-metals, into diloipus and basylous 
elements. Classification according to atomicity. 

French and English sj^ems of weights and measures. Coo- 
version of English into French weights and measures. The 
crith and its uses. 

Hydrogen . — Its preparation and properties. 

Chlorine, — Prep>aration of chlorine from hydrochloric add. 
Analysis and synthesis of hydrochloric acid. Properties and 
reactions of hydrochloric acid. 

Oxygen, — Its preparation and properties. Allotropic oxygen 
or ozone. Formation and reactions of water. PrepsiratioQ and 
properties of hydroxyL Oxides and ozy-adds of dik>rine. 

Bcrpn, — How it occurs .in nature. Its allotropic modifica- 
tions. Boric anhydride. Boric adds. 

Carbon. — Its preparation and allotropic forms. Preparation 
and properties of carbonic (»dde and cai4x>nic anhydride. 

Nitrogen. — Its preparation and properties. Oxides and oxy- 
adds of nitrogen. Compounds of nitn^en with hydrogen. Am- 
monia. Ammonic salts. 

Sutphmr. — Its properties and allotropic modifications. Com- 
pounds of sulphur with basylous ^V?ng"«^ Compoui^ds of sul- 
phur with oxygen and hydroxyL 

SECOND STAGE OR ADVANCE COURSE. 

In addition to the above subjects, pupils pccsenting them- 
selves for the advanced examination will be assumed to have 
received instmction in the following : 

Theory of Uoms and molecules. Empirical, rational, and 
constituuonal formulae. Absolute, latent, and active atomidty. 
AtomiQ uxl molecular combination. 
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Expansion of gases by heat. Redaction of gaseous volumes to 
standard pressure and temperature. 

Manufacture of hydrochloric^ nitric, and sulphuric acids. 
Composition and manu&cture of bleaching powder. Theory of 
bleadiing. Suitability of water for domestic purposes. Causes 
of permanent and temporary hardness in water. 

Bromine, — Hydrobromic and bromic acid. 

Iodine. — -Hydriodic, iodic, and periodic acid. 

Fluorine, — Hydrofluoric acid. 

Silicon. — Silica. Silicic acid. Silicic hydride. Names and 
formulae of some of, the more important siliceous minerals. 

Phosphorus. — Phosphoretted hydrogen. . Acids and anhy- 
drides of phosphorus. 

Arsenic. — Arsenious and arsenic acids. Arseniuretted hydro- 
gen. Detection of arsenic. 

Antimony and Bismuth. — Preparation and properties of their 
chief compounds. 

The monad metals, especially potassium, sodium, and silver. 
Manufacture of soda ash. 

The diad metals — ^barium, strontium, calcium, magnesium, 
zinc, cadmium, mercury, and copper. 

Tlie chief properties of the following metals : — gold, alumi- 
nium, platinum, lead, chromium, manganese, iron, cobalt, and 
nickel. 

Composition, preparation, and properties of the n^ore import- 
ant compounds of these metals. 

Outline of -qualitative analysis. Reaction of thje principal 
mineral acids and bases. Course pursued in the application of 
these reactions to the analysis of a mi;cture.of sevml acids and 
bases. 
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Add— 

ar««nic . 

boric 
Ixmnic . 
chloric . 
c^kstvQis 
chromic 
<)cniiitwii 01 * 
<litliionic 



sdcnic • 



stannic 

salphosiilplninc 

sulphuric 



»» 
solphiiroos 

tetrathionic 

trithiook: 



Nordhansen 



fomuc . 

{glacial phosphoric 

hyvlriodK 

hydrohroaiic . 

hydrochloric . 

hydroAnoric . 

hydro»lphiiric 

hydrochlofoiis 

h^msalphnroas 

iornc 

mtfaponc 



dibasic . 
monobasic 



muriatic 

nitric 

nitromoriatic 

nitrous • 

orthophosphoric 

oxalic 

pentathioDic 

perchloric 

periodic 

phosphoric 

phosphorous 

picric 

pyraisenic 

pyrophosphoric 



tribasic . 
Active atomicity 
I Aliimty • • 
'Alabaster 
jADcaliwaste . 
AHotropic boron 
o^fgen . 
phosphorus 
Alum 

burnt • 
iron 
schist 
Ahmuna 
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compounds of 
discovery of 
occurrence 
preparation 
properties 
tests for 
uses of . 
Amianthus 
Ammonia • 
liquid 
tests for . 
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250 
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273 
136 

131 
135 

15 

IS 

15 
26,38 

4 
206,212 

184 
8S 
69 

15' 

257 

206 

257 

254 

257 
252 

254 
252 

252 

253 
253 
259 
254 
216 

104 
los 
109 
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Ammonic salts 
Ammonium 

amalgam 
Ammonoxyl . 
Amphibole 
Analysis 
Anhydrides 
Anhydride, arsenic 

arsenious 

boric 

carbonic 

chlorous 

hypochlorous 

nitric 

nitrous . 

phosphoric 

phosphorous 

silicic 

sulphuric 

sulphurous 
Animal life 
Anaesthetics . 
Anthracite 
Antimony 

butter of 

compounds of 

preparation 

properties 

tests for . 
Antiseptic (foot-note) 
Apatite 
Apparatus 

list of 
Aqua regia 
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107 

27, 28, 29 

216 

63 

13 
161 

160 

85 
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98, 100 
. 158 

. 155 

• 145 

• 131 

67, 129 

69 

• 19 

. 87 

. 164 

. 165 

. 165 

. 164 

. 164 

. 167 

. 175 
314 

39 

46 

63, 103, 250 



Arseniuretted hydrogen . 160 

Arsenic . . .159 

compounds of .160 

manufacture . .159 

properties of . . 159 

tests for . .162 

Arsenates . '35 

Arsenites ... 36 

Arsine . . . .165 



Artiads . 
Asbestos 
Atmosphere . 
Atmospheric air, ana- 
lysis of . • 

composition of 96, 
Atomicity 

absolute . 

active . 

latent 

marks . 
Atom fixing and re 

placing 
Atomic weight 
Atoms ... 
Ball soda 
Barilla . 
Baric peroxide 
Barium . 

compounds . 

discovery 

occurrence 
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tests for 
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definition of 
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Baryta 

Basylous elements 
Bay salt 
Bengal lights . 
Bessemer process 



Bichromate of potash 281,283 



Binary compounds 
Binoxide of hydrogen 
Bismuth 

compounds of 

properties 

tests for 
Bittern . 
Black-lead 
Black ash 
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26 
26 
26 
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3, 7 

7 
184 

183 

79 
196 

197 

196 
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196 

203 

197 

16, 17, 36 

16 

196, 197, 20I 
2 
181 
166 
297 
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78 
167 
168 
167 
169 

137 

86, 87 
184 



Z 



.i.i^^ 
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Hrass 

Brass Um^vs . 

liraunite . 3, 80, 

]inmstai\e 

Brine 

analysis of 
Britannia metal 165, 

Brotmates 
Bromine 

com^xmniU of 

Bronze . 240^ H3» ^$$* 
Cadmium . aaS, 

alloys of 

compouniU of 

ilisa)very of 

occurrence 

prej^mlion 

projMjrties 

tests for 

uses of , 

yellow . 
Calamine 223, 227, 



I-AC.K I 

2941 

294 I 

60: 

2^8 
62 

-245 

245 
10 
86 

J14 

187 
80 

J^ 
^S 
i^5 
J^5 

vy^5 

2QO 

124 

181 

181 

265 

33 1 

13^. 

272'; 

229- 
229 1 

220' 
228 ■ 
229 
229 
229 

231 
229. 

229. 
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Calcic chloro-liypochlarite Si 
Calc spar . 307, 210 

. ao6 

. 208 

. J06 

. 306 

- J07 

- »7 



Calcium 

compounds of 
discovery d . 
occurrence 
preptaratioiD . 
properties 
tests for 
uses 

Calomel . . 132, 234 

Carl)on .... 86 
amorphous . . S9 
diamond . . 8S 
gas . . . 89 
graphite . 86, 89 

and oxygen, com- 
pounds of . .89 
preparation and pro- 
perties . . 87 
Carbonates • • • 35 
Carlwnic disulphide . 118 
oxide . . 89, 91 
,, a reducing 
agent . . 93 

Cassiterite . . . 270 
Celestine . . 204, 20^ 
Centigrade thermometer 118 
Chalcedony . . .144 
Chalk . . 91, 207, 210 
Charcoal ... 86 
Chemical affinity 4 

combination . . 4 
decomposition . 5 
formula . . 33 

Chemicals, List of . •49 
Chemistry, Definition of . i 
Chert .... 144 
Chlorates . • . 33, 83 
Chloric peroxide . 80, 83 
Chloride of lime . . 83 
boric ... 86 
Chlorides . . 18, 34, 63 
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Chlorine 
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oxides of 


80 


oxy-acids of . «. 


80 


preparation of 


59 


properties of . 


59 


Chlorites 


34 


Chlorous elements . 


2 


Choke-damp . 


89 


Chromates 


35 


Chrome alum . . 28 


3, 285 


iron ore 


281 


yellow . 


269 


Chromium 


278 


compounds of 


278 


discovery of . 


278 


occurrence 


. 278 


preparation . 


278 


properties of . 


. 278 


tests for 


285 


uses 


278 


Chromyl 


. 284 


Cinnabar . . 23 


1,238 


Clark's soap test . 


. 76 


Classification of ele- 




ments . . 2, 


20, 21 


Clay ... 14 


.8, 259 


ironstone 


■ 294 


Cobalt . 


. 308 


compounds . 


. 310 


glance . 


■ 309 


occurrence 


. 309 


preparation . 


. 309 


properties 


. 309 


pyrites . 


. 309 


speiss . 


• 309 


tests for 


. 311 


uses 


. 310 


Coal 


. 87 


Coke 


. 86 


Coins 


. 193 


Combination, atomic 


• 37 


molecular 


37, 38 


Combustion . 


68 
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Compound radicals . 27 
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Converter . . . 297 

Copper .... 240 
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compounds of . 243 
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occurrence . . 241 
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preparation of .241 

properties . . 242 

pyrites . . . 241 

tests for . . 249 
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Crystallization, water of . 38 
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Daniel's pyrometer . 242 

Decomposition of water . 66 

Definition of chemistry . i 

Densities of gases . 7> 121 
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Displacement . 
Dissociation . 
Dolomite 
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molecules 
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Empyreal air . 
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Epsom salts . 
Equations 
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molecular 
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Evaporation . 
Examples worked . 
Exercises for students 
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Filters . 
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Filtration 
Filtrate . 
Fine metal 
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Flint 
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Fluorine 

compounds of 
Fluorides 
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preparation of 

properties of 
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